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PREFACE 


The present volume, following the plan outlined in the preface to Volume 
T, endeavors to present methods for the determination of those substances, 
found in the body and its excreta, which are of importance for clinical medi- 
cine, and for the estimation of which suitable quantitative methods are 
available. It has been the aim of the authors to describe for each sub- 
stance methods of different types, so that the reader may choose the pro- 
cedures that Ijcst fit his laboratory facilities, personal preferences, and the 
conditions of the moment. The original plan was to select for each sub- 
stance a gravimetric, a titrimetric, a colorimetric, and a gasometric pro- 
cedure, when desirable methods for each were available with, when advis- 
able, macro and micro forms. This plan has been followed with much 
elasticity. In some cases the popularity of. two procedures of the same 
type has made it desirable to present both. In other cases one type of 
analysis has been omitted because it offers at present no methods able to 
compete in convenience or accuracy with current procedures of other 
kinds. Thus, for urine sugar, both Benedict and Shaffer titrations arc 
given, and no gravimetric analysis. In general, however, the authors have 
endeavored to adhere to the original plan. It has involved the exercise of a 
certain amount of arbitrary selection, and many methods have been omitted 
which doubtless equal those presented. 

It appeared desirable that the volume should be something more than an 
uncritical manual of technique. The practice has therefore been followed 
of prefacing each chapter with a discussion of the principles on which the 
methods are based. These discussions usually cover other applicable 
procedures in addition to those detailed in this volume. It has been hoped 
that thereby the reader might secure, not, only a critical view of the methods 
described, but also guidance to others in the literature. 

It was the intention of the authors to test in their laboratories each 
method described, and if possible to extend the test to routine analyses. 
This plan has Ireen but incompletely approximated at a time when it seems 
undesirable longer to delay publication. However, the methods not per- 
sonally tested have, it is believed, undergone such usage in other labora- 
tories that confidence may be placed in them. 

For calculations, factors are routinely given to reckon deterrained suIj- 
stances in terms of molecular or equivalent concentrations in, both urine 
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and blood, in grams of substance per liter in urine, and in niilligranis per 
100 cc. in blood. It would be preferable for simplicity and uniforndl v In 
use grams per liter for blood as well as urine, l)ut the milligrams per 100 cc. 
unit for blood is at present retained in deference lo general usage in this 
country. 

The principle, of grouinng in one chapter all the procedures de,scribe<l 
for the determination of a given substance, has been violated with regard 
to the gasometric methods. The gasonietric methods for urc^a, sugar, etc., 
instead of being placed in the chapters devoted to these substances, arc 
there indicated only by references to the general gasometric chapter, in 
which they are detailed. Collecting all the ga.soinelric methods in one ptirl 
of the volume has seemed desirable because of the fre(|uent cross references 
to points of technique. Also, for analysts who do not use the gas ai>para(us, 
the other chapters are simplified by the omission of gti.sometric methods. 
The gasometric methods in Chapter V.ll differ in some di'lails from the 
descriptions originally puhlishcd. Such differences are due to impro\’e- 
ments made in these procedures during the interval since their publication. 

An appendix, with methods for renal an<i hepatic function tests by means 
of phthalein dyes, and for semi-quantitative estimation of bile pigments in 
blood plasma, has been added. These procedures arc not strictly within 
the scope of quantitative analyses outlined for this volume, but they are 
required so frequently from the clinical laboratory that their addilioii has 
seemed desirable. In the appendix have also been addcal nuMhods for 
chlorides in gastric contents, and for several quantitative proei'dures that 
were not available when the main text wtis jireptinal. 

From this edition one entire class of reliable methods has ht'en omitted, 
those based by Pregl on the micro balance. I’he omission has been due, 
not to failure to appreciate these methods, hut to the fact that ndativedy 
few clinical laboratories have as yet the facilities for their application. 

So many colleagues have assisted the authors with tidvice, critiidsm ami 
suggestions, that it would be impossiljlc to acknowledge here the entire 
debt. However, certain obligations arc too definite to be overlooke<l. 
Prof. A. B. Hastings has supplied in advance of publication a description of 
the gasometric micro method for lactic acid, and a more com]>lete desertp 
tion than any hitherto published of the method for determining both pi I 
and CO 2 on 0.1 cc. blood samples. Prof. P. A. ShalTer has revi.sed the ;u-' 
count of his sugar methods. Dr. Walthcr (locbel has funiished tin espe 
cially practical modification of the JPrcgl micro Kjeldahl method. Des 
criptions in advance of publication have been sup])lied by Dr, J. Sendroy, 
Jr., for carbon monoxide determination in air, by Prof. A. 'W Shohl for a 
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])hosplialc mclhod, and by Ur. A. M. Butler and Dr. Eaton M. MacKay 
for a])i)lications of gravimetric methods for the mineral bases. Dr. Roger 
S. HuldRird has i)rovided practical revisions of his methods for the determi- 
nation of 1)lood and urine ketones and blood sulfate. Dr. Alma Hiller and 
Dr. J. Sendroy Jv. have examined nearly the entire manuscript and made 
many improvements. Finally the authors’ thanks are due to many col- 
leagues for i)ermission to reproduce their published methods. 

As in the first volume, the authors are indebted for skilled assistance to 
Miss Elsie C. Nicholls. Mi.ss Rutli Tnsull, and Charlotte Peters, who have 
again carried out much of the bibliogra])hical work and ])rei>aration of the 
text, and fo Miss Helen Mandelbaum, who ]jrepared many of the illustra- 
tions. 

John P. Peters. 

UoNACD D. Van Slyke. 
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CHAPTER I 


General Chemical Technique 

To review the principles of quantitative analytical technique is beyond 
the scope of this volume, which is intended for readers who are already fam- 
iliar with the general details of quantitative analysis. There are, how- 
ever, certain procedures which are peculiar to or have a special significance in 
biological analysis which are not covered in the usual manuals. These and a 
few general precautions and points which experience has proved to be worthy 
of repetition are considered in this and the next chapter. 

USE OE THE BALANCE^ 

Balances which are most suitable for use in a biochemical laboratory are of 
three kinds: 

1. A fine analytical balance for gravimetric analyses and for preparing 
volumetric standard solutions. Such a balance should have a capacity of 
from 100 to 200 grams with a sensibility of 0.1 mg. when it is fully loaded. 
Some of the newer balances with devices which obviate use of the smaller 
weights greatly expedite gravimetric determinations. Among such devices 
are the “Chainomatic” balance manufactured by Christian Becker, New 
Rochelle, N. Y., and the Curie air-damped balance, made by the Societd 
Centrale de Produita Chimiques, 44 Rue des ficoles, Paris. A Sartorius 
model on the same principle is now on the market. Precision in weighing 
can be ensured by use of a standard set of weights, of which the accuracy is 
certified within certain limits by the Bureau of Standards. Equal pre- 
cision can be more cheaply gained by the use of ordinary weights, of which 
the corrections have been detennined Bureau of Standards. The standard 
weights may be employed to check other weights which are regularly used. 

2. A large balance with a capacity of 5 to 10 kg. and a sensibility of 0.05 
gram or less. 

3. Trip scales to balance tubes for the centrifuge and to weigh materials 
for the preparation of solutions that do not have to be extremely accurate. 

* For a general discussion of the use and standardization of balances the reader is re- 
ferred to Circular No. 3 of the United States Bureau of Standards, entitled, “Design and 
Test of Standards of Mass" (4). The principles governing the use of the balance, the 
use and calibration of volumetric apparatus, and general accuracy in measurement are 
discussed in Oatwald-Luther’s “Physiko-cheinische Messungen." 
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Microbalances can be procured which ])erinil wfij^hinii; small amoiinis 
of material with an error of less than 0.01 nift- btich microbalamcs lia\r 
been used for microgravimetric delerniinalions in clinical medicine. 'I'hese 
microgravimetric technique.s, which Pregl hiis e.speci:illy d<‘vel<)iu‘(|, have nui 
been described in this volume, because al presenl relalively few i linical lah 
oratories possess such balances or analysis trained in iheir use. 

A balance for accurate quantitative work must be ferfretty level as indicated 
by the plumb-bob or spirit level with which it should be e(iuiiiped. It 
may be leveled by adjusting the thunil) screws benealh the riglil and left 
front corners. 

All objects must be at room tempera hi re when welyhed. Warm or cold ob- 
jects produce currents of air in the balance case which interfere with accurate 
weighing. 

Crucibles should be cooled in a desiccator if tlie pri‘i-i[)ilates which they 
contain tend to take up water fro.m the air. If the crucible gains weight 
appreciably during the process of weighing, it .should be ndieated, iau)led iii a 
desiccator, and weighed again very quickly. 'I'he weights to balance the 
crucible approximately are, in this case, ])lace(l on tlu‘ pan before the crucible 
is removed from the desiccator. A platinum crueibk' should be left in the 
desiccator ten to fifteen minutes, a procelain crueibk? twenty to twenty- 
five minutes, before it is weighed. 

When, as in the case of barium sulfate, the pn'cipitalt' is not bygi'oscopic, 
a desiccator should not be used. Accurate results are more readils obtaineil 
if the crucible, both before and after the preci])ilate is in it, can be cooled in 
the open. The time required for cooling is only about half as long in the 
open as in a desiccator. 

When the balance is not in use the case must never be left open <ti‘ with the 
beam unsupported, and the rider must always be removed from t he beam. 

The true zero point of the balance must be determined from t line to t ime by 
noting the point on the scale at which the rider must bt* jilaced in order to 
make the empty pans balance. 

Weighing hy swings. In making a weighing after the rider has been 
so located that the pans balance within a milligram, time can be saved by 
estimating tenths of a milligram by the method of counting the swings of 
the pointer. One first determines the number of degrees on the pointer 
scale, by which the difference between right and left swings is changed 
by shffting the rider 1 mg. ; e.g., with a 10-gram weight in each pan, the 
rider is so placed that the point of balance is at exactly zero. The rider 
is then shifted 1 mg. to the right, the pans are set in motion, and the 
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excursions of the pointer to right and left are noted on the scale. If 
they are; left 6.2, right 1.1, left 6.0, the displacement to the left is the 

6.2 + 6.0 

mean of the two left swings — -- — ^ = 6.1, minus the right swing, 1.1, 

or 5.0 degrees to the left. This difference indicates the sensibility of the 
balance. 

In subsequent weighings one can then assume that each 0.5 degree 
of difference between right and left swings corresponds to 0.1 mg. differ- 
ence in the loads on the pans. 

I'lacli l)a.Uinco has on the ])ointcr shaft a weiglit which can be moved 
u]) and down, to regulate the scnsilhlity. It is convenient to adjust this 
weight so that, with loads of the magnitude most frequently weighed, the 
difference hetwec]i right and left swings caused by 1 mg. will be about 5 
degrees on the pointer scale. 

'['he sensibility of the balance varies somewhat with the load, and should 
be deterrained with loads of 1, 10, 20, 50, and 100 grams. 

us 10 AND CALtORATION OR VOLUMETRIC MEASURING APPARATUS 

M ciihcns rcadUigs. With colorless solutions the bottom of the meniscus 
is read; with colored solutions, such as pennanganate, the reading is made 
at the to[) of. the column of fluid. To avoid errors of parallax the reading 
must be made with the eye at the level of the top of the column of fluid. To 
assist in locating the eye at the level of the mark which is read, the chief 
calibration marks sliould completely encircle a burette and other graduations 
should extend half-way round it. 

Solutions, when they are measured, should be within 10° of the standard 
tcmjierature engraved on the volumetric apparatus. 

Wlien not in use burettes should be inverted or protected from dust by 
caps. 

BurcUcs ami pipcltcs must be free from grease or the solution will not 
moisten tire surface of the glass evenly and will collect in droplets. The 
glass may be cleaned with acid cleaning solution (1 gram of potassium bi- 
chromate and 100 cc. of concentrated sulfuric acid). Burettes arc allowed to 
stand for some hours filled with the mixture. Pipettes may be immersed in 
the mixture in cylinders. They are then washed in water and finally rinsed 
with flistilled water. Burettes may be cleaned quickly by scrubbing with a 
soapy burette brush. 

A minimum of lubricant should be used on burette stop-cocks. For 
burettes whicli arc used for dilute alkali a vaseline lubricant containing 
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some rubber (see p. 47) is used. For iilkuli es sLiong iis O.t n, burc'tte.s 
with silver stop-cocks are a great convenience because (lu‘v do not Ircc/.c'. 
When an alkali solution stronger than 0.1 N is used in a slop-cock buret le, 
the burette must be cleaned as soon as the day’s analysc's art* complclcd. 
Otherwise the cock is likely to be ruined. 

When maximum accuracy is not necessary, the troid)Ie eiu'ountcred in 
measuring alkali solutions through glass cocks may b(‘ obviated by the use of 
burettes provided with pinch-cocks made by spring clamps and rubber tubes. 

Both burettes and pipettes arc calibrated to deliver water, and will tiof 
deliver with equal accuracy Jluids that differ greatly from water in visi osit >•, 
cohesion, or surface tension. 

All apparatus for accurate work must be ealil)ral('d. IC.Kcept fi>r tlial 
checked by the United States Bureau of Standards commercial apparatus 
can rarely be assumed to be entirely reliable; errors exceeding 1 ])er cent are 
not uncommon. The limit of error tolerated for volumelrii! apparatus in 
general is =fc0.1 per cent or 1 part in 1000. 'Phis accuracy can, however, be 
attained only if the apparatus is employed for measuring under tlie same 
conditions under which it has been calibrated. 'Phesr; includr? temperature, 
cleanliness, ihanner of reading the mcuLscus, and rate of oulllow in apparat us 
calibrated for delivery. 

When water is run out of a burette or ])ipeLtu a Him of the liquid nanaius 
adherent to the walls. The more rapid the rate at which tin; vtsssel is emp 
tied the more liquid remains on the walls. In order to deliver (tmounts eon - 
slant to within 1 part per 1000 it is necessary that the surface of the liquid de- 
scend in the vessel at a sufficiently slow and steady rate, so that the residual film 
shall he slight and constant. 

A minimum film is left when the rate of descent is slower than (),.s cm, pea- 
second, but rates as high as 1 cm. per second may be consistent with, coii' 
stant delivery, if delivery is always at the same ral('; e.g., a .SO cc. burette, 
with the meniscus falling at the rate of 0.8 mm. pc;r sta'.oml, delivered regu- 
larly 24.95 cc. at the 25 cc. mark. When the rate of fall wiis retarded to 0.5 
cm. per second, the delivery was 25.00 cc., and this was nut clianged bv 
further retardation to 0.3 or 0.1 cm. per .second. 

For vessels, such as flasks and sometimes pipettc^s, calibrated, not to 
deliver, but to contain a definite volume of liquid, riite of emptying is t)f 
course without influence. 


Flasks 

Construction. Flasks should be constructed with necks of such a ealilx'r 
that a volume change of 1 part per 1000 causes a noticeable alteratiun in the 
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TABLE 1 

Inn HR DiAMi'iTERS OP Necks op Volumetric Flasks 


CAPACITY or TLASK 



2000 

cc. 

1000 1 
cc. 

1 

500 cc. 


200 cc. 

100 cc. 

50 cc. 

25 cc. 

Maximum diameter in millimeters. . . . 

25 

20 

18 

1 

13 

12 

10 

8 

Mininniin iliaineter in millimeters. . . . 

18 j 

14 

12 j 

n 

9 

S j 

6 

6 


TABLE 2 

Apparent W]^IGIITS anu Volumes of Water and Mercury Weighed in Air 


For use in calibration of volumetric apparatus 


TIOMPKRA'L’IIKK 

WEKiirr OF 1 cc. 

OP WATER 

VOUIMR OP 1 ORAM 
OF WATER 

^VKIGIIT OP 1 CC. 

OF MERCURY 

VOLUME OF 1 GRAM 
OF MERCURY 

“C. 

arum 

CC, 

;:rams 

CC, 

15 



13,558 

0.07376 

16 


22 

55 

77 

17 

77 

23 

53 

78 

18 

75 

25 

51 

79 

19 

73 

27 

49 

81 

20 

72 

28 

47 

82 

21 



45 

83 

22 

68 

32 

43 

84 

23 

66 

34 

41 

85 

24 

64 

36 

39 

86 

25 

61 

39 

37 

87 

26 

59 

41 

34 

89 

27 

56 

44 

32 

90 

28 

54 

46 

30 

91 

29 

51 

49 

28 

92 

30 

48 

52 

26 

93 


The figures in this table arc based on the weights of water and mercury per cubic 
centimeter which must be weighed under ordinary conditions into a glass vessel, in order 
to indicate the mark to which the vessel when at 20° must be filled in order to contain the 
desired volume of liquid. The figures do not therefore indicate the precise densities and 
volume weights of water and mercury, but represent these values corrected for the buoy- 
ant effect of air upon the iluid weighed and upon the brass weights used to balance it; 
corrections arc also included for the coefficient of expansion of the glass vessel, when the 
weighing is not done at 20°. The cubic coefficient of expansion of glass increases the 
capacity of a vessel by only about 1/40,000 for 1° temperature rise, and hence is about 
one-fourth as important as the expansion of water in volumetric measurements. The 
figures are from Landolt and Bbrnstein’s “Tabellen.” 
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height of the meniscus. Tiie United Sluics Hiirenii o) .Si.'indanh. i 1 P jxc 
scribes for flasks of various si/!csat the point ol calibration inierual diann'icrs 
within the limits shown in tabic 1. 'I'lie calibration mark nnml be at least 
1 cm. above the point at which the neck of the llask begins to expand into 
the body and must extend completely around the neck in a horizontal jilane. 

Calibration. Flasks are calibrated by weighing into them the amounts 
of water, calculated from the second column (tf fable 1. wliii b are necessary 
to make the desired volumes at the teni])eralur(' ol calibration. i be water 
should be weighed to 1 part i)er lOOO i.e., the water held by a It) it. llask 
must be weighed to O.OlO gram, but a 1-liler llask is sullicient ly an nraie if 
within 1 gram of the i^ropcr weight. 

The flask, clean and dry, is weighed. The weight lillcd at the given 
temperature is then calculated, and water is introduced to bring th<; tla.sk 
to this weight. There must be no globules of water adliering to the lUick 
above the graduation mark when the water is weighed. If the mark on 
the flask is incorrect a new mark is made at the correct point and later 
etched as described below. The mark can be made on the gbiss with a 
wax pencil sharpened to a chisel edge, or on a strip of gummed jitiper 
attached to the neck of the flask. The paper is cut off at tlut mtirk before; 
the flask is etched. Another method is to cover the neck of the; flask 
with a thin layer of paraffin, as described below under “etching glass," 
The correct mark is made through the paraffin. This proctalure has the; 
advantage that by it the flask is prepared to have the mark etclu'd in 
with hydrofluoric acid. 

If a balance large enough and sufficiently accurate to ctdibraft; large 
flasks is not available, these can be calibrated by repeated delivery of 
water from a calibrated pipette. 

Burcllex 

Construction. The calibration marks of buretlos should, for ronvenient 
and accurate reading, be about 1 mm. apart. 'Phe inner diameter of the 
burette should be so proportioned to the Lola! capacity thtii an error of {),.S 
mm. in the location or reading of a mark cutises tin I'rror in volume retiding 
approximating the limit of error permitted for the burette. 'Ptible .1 gives 
for burettes of different size the limits of error in ealibnilion permitted Iiy 
the Bureau of Standards, the finest subdivisions that slmuld lie represenletl 
on the scales, and the internal diameters that meet (he abovt; n-ipiinmient. 

Furthermore, the United States Bureau of Standards (11 ) specilies that 
“The rate of outflow of burettes and measuring pipelti'.s ttnisl be r<‘.sl rioted 
by the size of the tip, and for any graduated interval tin: t iine of frei' out ilow 
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must not he more than tliree minutes nor less than the following (in table 4) 
for the resi)ecLive lengths.” 

Calibration, A burette is calibrated by allowing it to deliver distUled 
water, 2 cc. or less at a time, into a bottle, and weighing the water. The 
thoroughly clean burette is first filled with water to a point somewhat 
above the zero mark. The water is then run out slowly until the menis- 
cus falls to the zero mark. One then waits a minute to insure complete 
drainage. If the meniscus rises enough . water is run out to bring it 


TAiiim :i 


Sl’IOCirrcATtONS for ItURKTTKS 


I. CAI'Acn V 
lUtliKTTK 

IdMI'l’ OF KUHOUS 
I'llFMITTh'f) IlYnUUKAU OF 
HTANDAKOS (ll) FOH TOTAL 
(Itt I'AriTCAL CAPACITY 

FINEST SUnniVISlON 

INNER DIAMETER 

(i\ 

<:<•. 

cr. 

7Hm. 

5 

0.01 

0.025 

5.0 d=0.2 

10 

0.02 

0.05 

7.0±0.2 

2.S 

0.05 

0.05 

8.7 ±0.5 

50 

O.Ol- 

0.10 

11 .2 ±0.4 


TAHnU 4 

Diu-ivicry 'I’imics for Biirkttks of Deffkrknt LicNcrms 


LKNOTtI ORADUATEI) 

TIME or OUTFLOW 

LENtrril (IRADUATEU 

TIME 01' OUTFLOW 

cm. 

seconds 

cm. 

senomh 

65 

140 

55 

60 

60 

120 

20 

50 

55 

105 

25 

40 

50 

00 

20 

35 

45 

80 

15 

30- 

40 

70 




again to the zero point. Excess liquid adherent to the tip of the burette 
is removed. The water is then run in portions into a tared weighing 
bottle, which contains a layer of paraffin oil a few millimeters thick to 
prevent evaporation of the water. The oil obviates the necessity of 
using a cover on the bottle, and the danger of loss by evaporation be- 
tween weighings that is present when a covered bottle is opened to 
receive the successive portions of water. The size of the portions 
of water weighed varies with that of the burette; for 50 and 25 cc. 
burettes 2 cc. portions are weighed; for smaller ones portions equal to 
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0.1 the total capacity. After each portion is delivered the tip of the 
burette is touched to the surface of the paraffin oil in the weighing bottle 
to detach adherent water. 

The temperature of the water is noted, and the grams of water 
weighed are multiplied by the volume of 1 gram at the observed temper- 
ature (third column of table 2) in order to calculate the actual volumes 
delivered. The figures in table 5, obtained in calibrating the first 10 cc. 
of a burette, serve as an example. 

At least two complete sets of weighings which check should be made 
m calibrating a burette. It is wise to make occasional observations at 
intermediate points (fractions of cubic centimeter) to test the evenness 
of subdivisions. 

At each mark the correction is calculated as : 


Correction = (actual volume) — (marked volume) 
’I’M ILK fl 

ExAMPT.E ok RrSUX.XS ObTAINKI) in CAUnitAXINC. A Ht'KIKl TK 


BURETTE READING 

WKKIHT OK ^VA■rI■;U 
DKhlVKRICl) AT 22" 

vouiwr. OKWATr.K nr.i.iv- 

KUKl) (WKIOIIT X l.tlO.i-’) 

lU IU 1 IJ. ‘ <t«Kl ( 1 h 

CC. 

KHK 

n ♦ 

u, 

2 

2.000 

2.0()() 

■1 0 UI 

4 

4.002 

4.01.'; 

•1 0 02 

6 

6.009 

6.m 

■1 0,0.1 

8 

8,020 

H.UIfi 

t 0 (KS 

10 

10.020 

lO.O.'iO 

■t 0 O.A 


The + signs indicate that each correction is to lie added to llie voliiiui’ iiidii atni liy 
the burette scale, in order to olitain the actual volume, dflivereil. Negative ( orreet ioim 
would be indicated by minus signs. 

Burettes with a capacity of 5 cc. or less may be made to deliver, under 
certain conditions, quite as accurately as 50 cc. burettCvS : that is, with an 
error not exceeding 1 part in 1000 of the total capacity. The construc- 
tion and calibration of such burettes is described below under the head- 
ing “microhurettes.” 

Pipettes 

Construction. The uppermost graduation on a pipette .slum Id In; fat- 
enough from the upper end to minimise danger of .sucking Iluid inti) the 
mouth. In transfer pipettes the stem below the bulb should he long enough 
to permit convenient delivery into a flask or othet: container. 

Transfer pipettes are ordinarily of the bulb tyjte, and calibrated lo deliver 
known amounts of fluid. Sometimes it is desirable to have ti piiielK' with 
two calibrations, one to mark total content of iluid, the other to mark the 
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point to which the pipette must be filled to deliver the indicated volume, 
but usually only the deliveiy mark is needed. As in the case of burettes, 
accuracy requires that the outflow time and the diameter of the pipette stem 
at the calibration mark shall be related to the size of the pipette. Table 6 
gives the minimum outflow times required by the Bureau of Standards (11) 
and the internal diameters of the stems at the calibration marks, for pipettes 
of dilTerent capacity. 

The outflow time of the pipette can be controlled in two ways : 

1. The bore of the tip may be so constricted that when the pipette is 
delivering freely the time required will be that given in table 6, Such pip- 
ettes are to be employed when the acme of accuracy is necessary; e.g., when 
standardizing volumetric solutions. All Bureau of Standards pipettes are 
for outflow in this manner. 

TABLE 0 


Si’EcirrcATiONS roE Pipettes 


CAl'ACIXY 0|f WI’iXn'E 

MINIMUM OUTlfLOW TIME 

INNEB DtAMETEU OE STEM 
SUCH TIIAT EEROU OP 

1 MM. IN LEVEE CAUSES 
ERROR OF 1 PART PEE 1000 
IN VOLUMF. MEASURED 

RECOMMENDED IHNICR 
DIAMETER OP STEM AT 
CALIDEATION MARK 

CG, 

seconds 

mm. 

mm. 

1 

15 

1.1 

1 

2 

15 

1.6 

1 

S 

IS 

2.5 

2 

10 

20 

3,5 

3 

25 

30 

6.1 

4 

SO 

30 

7.9 

5 

100 

40 

11.2 

5 


2. However, if many transfer have to be made, the time and effort re- 
quired to draw the samples into the pipettes with such constricted tips 
become onerous. An alternative is offered in the use of pipettes calibrated 
for retarded delivery. These pipettes have outlets so large that they can be 
easily and quickly filled. If they are permitted to deliver freely they empty 
in ten seconds or less, with inaccurate drainage. However, accurate deliv- 
ery is obtained if the outflow is retarded by keeping a finger over the 
upper opening, and permitting air to enter only at such a rate that the 
outflow of water requires the necessary^fifteen to thirty seconds indicated 
in table 6. The outflow must also be so regulated that the descent of liquid 
in the pijiette is steady. The finger used in closing the upper end of the pi- 
pette must be sufficiently moist to be soft, but must not be wet, in order 
properly to control the flow of liquid. 
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Calibration of pipettes for delivery. Pipettes are calibrated by 
weighing the water which they deliver into a weighing bottle which con- 
tains a layer of paraffin oil a few millimeters thick to prevent evapora- 
tion. If the mark is not accurate another xnark is made with a wax 
pencil and tested. This procedure is repeated until the mark is 
correctly located. It is then etched in as described below. 

If an uncalibrated pipette is to be marked, two preliminary marks 
separated by a definite distance, 50 mm. for example, are made on the 
stem, by strips of gummed labels or by a chisel-edged wax pencil, 
and the water delivered from each is weighed. From the difference, 
the weight of water contained in each mm. length of stem is calculated, 
and thence the number of millimeters from either preliminary mark 
to the correct mark. The latter is located at the calculated level on the 
stem, is tested by weighing the water delivered from it, and finally is 
etched in. 

Example: The weights of water clelivc'riM I al 20" hy a 10 it, pipelle fintii tun ptelimi. 
nary marks SO mm. apart, arc 0.000 and 10.27.S graiiu;. I lenn- llir weight nl the eDliiniii of 

water between the nmrk.s is 0..37.S gram or ' 0.007.S gram piT millimi-tiT nf i nlumii 

length. From table 2 the desired delivery of water at 20" is 0.07.1 grams, m 0,0/.! gi.tm 
more than that delivered from the lower i/reliminary mark. Ilrni i' the turrei t m.iii; is 
0.072 

P = 0.6 mm. above the lower mark. 

In calibrating a pipcLLe, the same niode of regiihtling the ondltnv .speed 
and terminating the delivery must be enipioyed wliieh is tn be used later in 
transfer work. 

Calibration of pipettes **to contain.’* The weight of water re- 
quired to fill the dry pipette is measured. One may either weigh the 
pipette empty and full, or may fill it with water from a weighing bottle, 
which is weighed before and after. Other details are as for delivery 
pipettes. 

Use of pipettes. The delivery of llukl from a i)i])t'ilc is made cilher /rcf, or 
retarded by the finger tip, as descri1)cd under “construction of pipcdlcs,” 
dependent on whether the tip is comstricted or not. 

For terminating the delivery, whem all the lluid e.xc('j>t (lu* linul drop lias 
been delivered, three different methods are in u.se: vi/,., drainage, blow <mt, 
and delivery to a mark on the lower stem. 

Drainage termination is the most convenient, and can In' used for lupeltes 
of 5 cc. or greater content without causing errors in o.xccss of the 1;1CKK) 
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limit. The tip of the pipette is allowed to touch the wet wall of the receiv- 
ing vessel as delivery is linislied. A drop of liquid remains held by capillary 
attraction in the tip of the pipette. The volume of this drop varies with the 
s])ccilic gravity, viscosity, and surface tension of the fluid, but with pipettes 
of 5 cc. or more capacity and the solutions ordinarily measured the variation 
is not signilicant. Drainage termination is used for all Bureau of Standard 
pipettes. 

In blow-cmt termination the fmal drop is expelled from the tip of the pipette. 
The drop may be blown out with the breath when the solution measured 
provides no objection. The expulsion can also be conveniently effected by 
closing the upj)er end of the pipette with the right foreirnger and warming 
the bulb by grip[hng it with the left palm. The expansion of air in the bulb 
forces the dro[) from the tip. 

Delivery to a mark on the lower stem is an exact procedure, which will be 
outlined below in the description of sj^ecial blood pipettes. 

Each mode of delivery gives exact results under conditions suited to it. 
The essential point is that the same technicpie of delivery must be employed 
in the calibration of each pipette and in its subsequent use. 

A rule which may be followed for ordinary pipettes is to employ drainage 
delivery for those above a certain capacity, and blow-out delivery or delivery 
to a mark for smaller ones. Unless some such rule, or uniform drainage or 
blow-out delivery for all pipettes, is used, each pipette must be etched 
'‘Drainage” or “Blow-out.” In a laboratory where much use is made of 
pipettes too small (2 cc. or less) for precise drainage delivery, it is convenient 
to avoid confusion by calibrating all pipettes for blow-out delivery, except 
those delivering between 2 marks. Pipettes delivering between two marks 
are, of course, distinguished by the double calibration. 

When corrosive or poisonous fluids are measured, a piece of cotton is 
placed in the upper stem of the pipette to prevent drawing the solution into 
the mouth. 


MICROVOLUMETRIC APPARATUS AND ITS CALIBR.A.TION 

Microburettes. Burettes of from 3 to 0.1 cc. capacity can be made, in 
which the error of delivery does not exceed 0.001 of the capacity. For such 
burettes both the construction and the method of calibration must be differ- 
ent from those described above for standard burettes of greater capacity. 

The internal diameters of such burettes must be smaller to permit the 
reading of liner subdivisions. The outlets must be of smaller bore and 
constructed to discharge smaller drops, or some other device must be used to 
facilitate delivery of liner subdivisions of fluids. In the smallest microbu- 
rettes a substitute for stop-cocks is required to secure finer control of delivery. 
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Table 7 indicates the approximate volume of 1 mm. uf tubing 

different diameters. This is the smalle.st distance bctua'cn calihratinn 
marks compatible with easy reading and interpolation jo 0.2 t>f an interval 
with the naked eye. 

When the total volume delivered from a measuring ap^uiratus is very 
small, accurate measurement demands that the iluid shall be delivi'red in 
minute drops, and that the amount adherent to the (ij) of the burette shall 
be insignificant. 'Both objects arc attained to a eonsidtnnl-le degree by 
using a delivery tip drawn out fine. Such tips, however, if of glass drawn 
very fine, are too flexible and fragile. By suh.stituting .small guage hyiu)- 
dermic needles, which are now manufactured from non-eorrodihle met- 
als, Trevan and Bainbridge (15) have shown that drojis of the order of ().IHK)15 
cc. can be removed. This principle is utilized by Sluihl (12) in t he I'onstrue- 
tion of his microburette tip, described below. 


TABLE 7 

Volume Contknt per Millimktkr Lknctii ok 'ruiuNcJ oi Diri rin -sr Fiiuii; 


internal diamelct' of tulung, 
mm 

10 

9 

« 
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6 
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■1 

,1 

, 

1 

1 0 

Volame oC 1 ram. Icni'Cli, cc... 
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(l.UM 1 

(UU 

0,u;>l 

0,01.1 

0 otiv! 

0 (HI! 

Il.llll.'i 

O.IIIHIM 

Internal diameter ot tubing, 

mm 

Volume of 1 mm. length, cc. . . 

0.8 

O.OOO.S 

0.7 

,0.0004 


0.6 

(I.OOIM 

{)..■; 

0.0002 








Another expedient to avoid the effects of variable adhesion to I lie lijis of 
burettes in titrations is to keep the delivery li}) immersed in llu- Iluid whieh 
is being titrated. This is employed by Rehberg (12) in liis inieroburtute 
described below. 

Stop-cocks provide only limited control of How. By the iutroduelion 
of thumb-screws working on inelastic reservoirs (see 'Rehberg ijipelte below) 
finer adjustment and control may be secured. 

Bang’s microhurelteP' The form of niicroburettc in most e.oiumon use is 
that introduced by Bang (1) and shown in figure 1. 'riu; buret b? i.s of .1 ce. 
capacity and about 4 mm. inner diameter. It is divided into 0.01 or 0.02 
cc. divisions, and can be read to 0.002 cc. The bulb reservoir .serve.s to hold 

^‘The Bang microburette can be obtained from Machlett and Hon, (’iluHsbIowias, fiO 
William Street, Long Island City. 

The vertical cock shown in the illustration can be replaced by a horizontal rock, .Huch as 
is ordinarily used in burettes. The horizontal cock could be provulcd with u Hholil tip 
(see below and fig. 2). The writers have not tested this addition to tin* Hang Imrctlr, 
but it appears that it would increase the instrument’s sensitivity. 
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;i convi'nionl supply oi solution, with which the burette tube is refilled, after 
each titralioii. 1 he sealed tube at the bottom of the burette tube may be 
tilled inli) a stand, so that the ap])aratus is a conveniently movable unit. 



Shohl 

Up 


Fui. 1 Pro. 2 

Fig. 1, Hang microhiiretto. 

Fk;. 2, Sliohl miedle tij) for microburettes and pipettes. A shows a ground glass 
Luer adapter .sealed to the outlet of a micro burette and B shows the Luer hypodermic 
needle with tip ground Hat. 

In the use of this ljurettc it is essential to observe the rule that delivery 
should 1)0 so retarded that the surface of the liquid in the burette falls not 
faster than 0.5 cm. per second. Error due to incomplete drainage is rela- 
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lively greater in a microlnirelle Ilian in a large one. lieeause the ratio of 
surface to volume is greater in the smaller lube. 

For the same reason, errors in drainage due to grease on the biireiu- wall 
are more important in the micro apparal us. ll luusl be Kept serupulouslv 
clean. 

The Bang burette can he calibrated by thesame procedure de.si-ribed above 
for larger burettes: water in 0.2 cc. jiortions is deiivereil into ;i weigliiug 
bottle containing a layer of oil. d'bere is no dilliculty in inakiiig the weigh ■ 
ings accurate to within less than 1 mg., which is an e.xact as oiu- can read the 
level of the meniscus in the buret te. 

Calibration can also be .made by w(‘ighing similar portions of mercurv 
from the wet burette. For iirecaulioiis necessacy iu ealibral iiig with mer- 
cury, see section below' on that subject . 

The Shohl needle lip Jor mkrobiiirlles and pipriirs ilJ). {Sre figure 2.) 
This tip can be attached cilher to mierolmrelles or to stop coi 1; pipettes of 
the Van Slyke-Ncill type de.scrihed below. 'I’o the delivery end of sueh a 
burette or pipette a glass Tiier adapter is settled, 'flu' jp'ound end .1 fits 
snugly into a Liter hy])oclcrmic needle B of Ik to JJ gtiu.ge wliii h is. cut off 
horizontally and ground on a stone. Needles of platimiiu oi' (,thrr non- 
corrosive metal ate to be fircfcrrcd. 1 ips of tlu.s ti'pe deliier e\treiuel\’ 
minute drops. 

The Rehherg {12) mkrohirc.UeP In this device, wliieli is illusl rtiled in 
figure 3, the fluid is delivered from a luut lip beiiealli the soliilioii whiili 
is being titiated, undei the cont.iol of a iiiieroiiiel(*r screw winch ;u iiviates a 
column of mercury. 

The burette itself consists of <i ctijiillary lube of P (o H nmi. ouli't' di.iiiieter 
and a bore of 0.8 to 0.9 mm., so that the graduated portion, conltiiiiiug 0.1 
cc. of liquid, is 150 to 200 mm. long. Thr tube is gnidiiated into ciibie 
millimeters by marks 1.5 to 2 mm. a])art. Kehberg states that delivery ran 
be measured to within 0,1 cu.mm., or 0.001 the.lolnl eapnclty of l hi’ burette. 
The tube is expanded at the lower end to receive a steel mieroiiiehT .screw, 
which is sealed in with piccin or scaling wa.x. One revolution of (I,,- uiierom' 
etei screw displaces about 4 cu.mm. 'Phe mercury is used to deliver ;ujue’ 
ous solutions. The burette lip is composed of a scjiarale glass capillary 
similar to that from which the burette is made. It is t'uimeeled to the 
burette by means of a short, thick, rubber tube, supporli'd bv sjilii glass 
tubing which is held in place by a brass ring. 'Phe tip is made long enough 
to hold more solution than is used in a titration. 


T ! can be purchased from tlw workshup of llm /.ooph vsiolo,d.-al 

Laboratory, Ny Vestergadc 11, Copenhagen, Denmark. 
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The movable arm, 6, carries three test tubes: one filled with the fluid used 
for the titration; one a solution containing indicator showing the desired 
end-point; the third with the solution to be titrated. 



... - - 

Fio. 3. J, Relibcrg microburette; 2, micrometer screw; connection between burette 
and detachable tip, made ol rublrer tubing reinforced Iry a split brass tube and held in 
place by a brass ring; 5, tube holder for three tubes; 6, white background: 7, stirrer con- 
nected with source of air current. 
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To iill the apparatus for the lirst (inn*, tin* lip is rcniuvcd, ilu' men nry is 
brought to the top of the burette, which is washed out >ir twice and then 
filled with the titrating solution by means of a pipette and the inicionieler 
screw. By a rubber tube attached to the separated ii[), llu* latter is lilh-d. 
It is then connected with the burette with care to avoid tlu* ini rothui ion of 
air bubbles (a single bubble from 1 to 5 cu.mm, in volume which moves with 
the solutions causes no appreciable error). 'I'o relill the burette ilie tip is 
dipped into the fluid and the mercury is lowered. 

The burette is filled until the mercury meniscus is sliglilly below the .u-m 
point, and the tip is wiped carefully with filler ])apt‘r. Jin4 before each 
titration the meniscus is brought to the zero })oinl, and adherent lluid is 
removed from the tij) with filter ])apcr. 

Because with such small volumes the iiidieator error is ladatively large, 
the amount of indicator in all comparable titrations must be idenlii-al. 
During the titration the ti]) of the l)urelle must dip just ludow t he surtai'e of 
the solution, which is stirred by a current of air ])ubl )les, 

If the burette is used for acidimetry the control tube is lilled with a buffer 
solution which has the pH desired at the end i)oinl of tin* titration and 
which contains the same concentration of indiealoraslhe unknown. In this 
case the air used for stirring must be freed fnmi (’()•.; by soda linus It is 
convenient to use as a source of air a 2- to .S-!iter aspirator bol t le euulainiug 
sodium hydroxide solution, which effectively removes the ( ’( b. 

Rehberg calibrated his burette l)y measuring tlie length t)f a wdghed 
amount of mercury at different jmsitions in the tube, 'I'his is, however, a 
tedious procedure involving calculations nol at all siiu(ile,‘ and it makes no 
allowance for the volume of water film left adherent to the walls of the lube 
when the burette is used for delivery of acjueous .solulions. A .simpler prti- 
cedure is to deliver from the burette 2 M sulfuric acid in port ions of 10 cu.mm. 
(0.01 cc.), and titrate them in the Rehberg cup with freshly ju'epared 0.1 n' 
alkali from a calibrated Bang microbiirctte. 'I'he eul tie t'ent iimOers of 0. 1 n 
alkali multiplied by 50 indicate the cubic millimeters of 2 n aeid delivered by 
the pipette. The correction at any i)oiut on the Rehberg burette is eab 
culated as: 50yl — (cubic millimeters on scale of burette) eorreetion 
in cubic millimeters. A == cubic centimeters of 0.1 n alkali u.sed. 

Presumably the Rehberg burette, without the tlelivt'ry eapillury, could 
be inverted and calibrated by means of a micro-mod ill ('at ion of the device 
shown in figure 5 and described below under “Clalibration with mercury.” 

^Hulett (7) has described a simpler procedure, in wliieh sueeessivc (•qual poi'tiuUH of 
mercury are withdrawn from the graduated capillary by means of a still liner eainlliiry, 
marked for definite content. This procedure requires some technical sUilt. 
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Blood pipdles. For micro liloocl analyses portions of 1 or 2 cc. are com- 
monly measured in transfer jiipeltes. With such small pipettes the fact, 
that the surface is relatively large coinjiared with the volume, increases the 
jiossibilitics of error due to variations in the thickness of fluid film left ad- 
herent to the walls, and in the amount of fluid adherent inside and outside 
the ])ipcttc tip at the end of delivery. 

To minimize the amount and variability of the film left adherent to the 
walls, it is necessary to limit the rate at which the pipettes empty. It is 
impractical to retard the flow adequately by constricting the bore of the 
tip, because tijis of the necessary fineness are likely to clog when used with 
blood. The retardation is preferably accomplished by the technique of 
“retarded delivery” previously described for pi]>ettes in general. The rip is 
made of sufficiently wide bore to permit easy filling and freedom from clog- 
ging, and the rate of delivery is controlled either by a f nger over the upper 
stem, or by a stop-cock constructed in the lower stem (see fig. 30, p. 240). 
The rate of delivery can thus be kept slow enough to assure good drainage of 
the film from the walls. In measuring whole blood it must not, however, be 
so slow that cells and serum separate appreciably during the delivery: such 
a separation would cause the discharged fluid to have a slightly greater pro- 
portion of cells than the mixed blood, the fluid retained in the pipette having 
a greater proportion of serum. 

To avoid variation in the quantity of fluid retained in the tip, one may use 
blow-out delivery. 

The authors have obtained, however, the most satisfactory results in blood 
analyses by the use of specially constructed pipettes of the Ostwald type, 
calibrated to deliver between two marks. With tliese blood can be delivered 
quantitatively with an error not exceeding 0.1 per cent from pipettes of 2 ti) 
5 cc. capacity, and with only 0.2 per cent error from 1 cc. pipettes. For 
smaller quantities the percentage error is proportionally greater. Such a 
pipette can be discharged with the tip under fluid, a procedure which elimi- 
nates variations in the quantity of fluid adherent to the tip of the emptied 
instrument, and furthermore permits the measurement and delivery of blood 
anaerobically for gas analysis. 

The general construction of such pipettes is illustrated in figure 30, in the 
chapter on gasometric methods, p. 240. For many purposes the stop-cock is 
not required, but it facilitates accurate delivery. 

The upper and lower stems of the pipettes are made of heavy walled tubing 
with an inside diameter of about 1 mm., in which 0.001 cc. of fluid makes a 
column 1.2 mm. high. The upper mark should be from 1 to 6 cm. above the 
upper end of the bulb, the lower mark at least 1 cm. and not more than 
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3 cm. below the lower end of the bulb. If there is no stop-cock the 
delivery tube below the mark should be 8 cm. long. .If there is a stop-cock 
this should be attached about 2 cm. below the lower mark and llie delivery 
tube below the cock should be 8 cm. long. The lower end is tai)ere(l and the 
tip ground smooth. The orifice in the tip should be large cjiough to permit 
blood to flow, but small enough so that, w'hen the flow is unretarded, the 
water meniscus will not fall more rapidly than 0.5 cm. per second in the bulb 
(it will of course fall much faster in the capillary stems). Hto]i-cocks, when 
used, should be of 1 mm. bore. The bulb is constructed of thick glass of 
such a form that there are no shoulders to retain (luid and nt) constrictions 
or irregularities at the junctions with upper and lower stems. 

In calibrating such pipettes water is drawn to the mark in the usual man- 
ner. It is then discharged into a weighing bottle containing i)ar;irrin oil at 
such speed (controlled by the finger or the stop-cock) that the meniscus falls 
at no time more rapidly than 0.5 cm. per second. When the men iscus is still 
about 1 cm. above the lower mark, the tip is brought into contact with the oil 
in the weighing bottle and kept there until the water level reaches the lower 
mark, when delivery is stopped. 

Pipettes of small capacity, 1 cc. or less, can also be rapidly and accurately 
calibrated with water over mercury with the aid of the bull) and st()])-c()ck 
described below under “Calibration with mercury” and illustrated in 
figure 5. 

For some purposes pipettes are made and calibralcil lo co}ilain rather 
than to deliver a given quantity of fluid. The use of a ]>ipelte cali- 
brated “to contain” is permissible, however, only if the residual fluid, 
left in the pipette after drainage is complete, can be rinsed into the j)art 
first delivered. 

CALIBRATION OF VOLUMETRIC APPARATUS WITH MlUiCORY 

Since mercury at room temperature weighs 13.57 times as much as the 
same volume of water, small volumes of the metal can be weighed with 
greater percentage accuracy. Also there is no danger of loss by evapor- 
ation during weighing, nor need precautions be taken with regard to 
drainage, or to adhesion of the metallic fluid to tips of burettes. For these 
reasons mercury is frequently preferable to water for calibration of micro- 
apparatus. 

In changing from water to mercury, however, one must exercise not fewer, 
but different, precautions to avoid inaccuracies. As a rule, apparatus of 
0.5 cc. capacity or greater can be more satisfactorily calibrated as jireviously 
described with water. 
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Three peculiarities of mercury must be taken into consideration: 1, its 
convex meniscus; 2, its failure to wet glass; 3, the greater pressure exerted 
by a long column. 

1. If a vessel is intended for the measurement of aqueous fluid, with a 
concave meniscus, the use of uncorrected calibration readings obtained with 
the convex meniscus of mercury will introduce an error, unless a meniscus of 
equal diameter is observed both before and after delivery. Such menisci 
are observed in burettes, and in pipettes which deliver between two marks 
when both marks are on stems of like bore. These can accordingly be 
calibrated with mercury, and the uncorrected marks used to measure water. 
But in dealing with other apparatus (e.g. pipettes calibrated “to contain” 
definite volumes when filled from the tip, and Van Slyke-Neill extraction 
chambers, p. 270), errors from the opposite curvatures of the 2 menisci may 
be significant. 

Since the mercury meniscus curves downwards from the center, a pipette 
filled with mercury, so that the center of the meniscus is on a given mark, 
will contain less mercury than is indicated by the volume content of the 
pipette up to the level of the mark. On the other hand, since the water men- 
iscus curves upwards away from the mark, when the pipette is filled with 
water so that the center of the meniscus is on the same mark, the volume of 
fluid present will be greater than the pipette would contain if filled just 
level with the mark. 

Consequently when a vessel is calibrated with mercury to contain water, 
a correction must be made for the sum of the two so-called meniscus errors 
in opposite directions. One must weigh into such a vessel a volume 
of mercury less than the volume of water for which the vessel is to be 
used. The wider the diameter of the tube where the mark is placed, and 
the greater the meniscus, the larger will be the absolute correction. The 
magnitude of the correction for tubes of different diameters is given in 
figure 4. 

For example, if a straight micropipette of 1.5 mm. bore is calibrated with 
mercury to contain 0.2 cc. of blood or water, the curve of figure 3 indicates 
that 0.0014 cc. less than 0.2 cc. of mercury must be weighed into the pipette. 
Therefore instead of 0.2 X 13.55 = 2.710 grams of mercury one weighs 
0.1986 X 13.55 — 2.690 grams. 

With a meniscus of given diameter, the significance of the correction 
varies inversely as the volume of solution measured. The above correction 
for a 1.5 mm. meniscus is significant for a 0.2 cc. pipette, but for a 2.00 cc. 
bulb pipette with a stem also of 1.5 mm. bore the correction of 0.0014 cc. 
would not ordinarily be significant. 
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2, Mercury does not wet glass and therefore leaves no lilm behind it, as 
water does. Consequently a dry burette delivers a greater volume of 



Fig. 4. Correction for difference between water and dry mercury menisci in tubes of 
different bore. The data for tubes of more tlian 4 mm. bore arc taken from tabic IV of 
Lunge-Berl’s “Chemisch-technische Untersuchungsmethoden,” vol. 1, p. 75, UerJin, 
1921. The data for tubes of less than 4 mm. diameter were obtained by the writers, by 
comparison of calibrations with water and mercury. 

mercury than of water, of which a small part remains as the adherent dim. 
Apparatus which is for delivery of water solutions should be wet with water 
before it is fiUed with mercury for calibration. 
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3. The weight of mercury is so great compared with its cohesion that 
delivery tips must be made extremely small or the mercury near the orifice 
will tend to drop out. Mercury drops from such a tip should be about 0.005 
cc., or 0.07 gram. In microapparatus, delivery tips are usually of such 
small bore that no special provision need be made against this source of 
error. With apparatus of coarser bore, a separate stop-cock with a fine 
delivery tip must be attached. If this connection is made by means of 
rubber tubing, even wired pressure tubing, the weight of mercury is so 



Fig. 5. Bulb and three-way stop-cock for use in calibration of burettes and pipettes 
with water over mercury. A, 3-way stop-cockj B, fine delivery tip; C, connection with 
mercury leveling bulb; D, bulb of thick glass with capacity larger than that of burette; 
E, connection of heavy pressure tubing. 

great that the tubing will expand steadily as the column rises, and contract 
again as it falls. To obviate error from this source a special calibrating 
cock may be sealed to such apparatus, or a device like that illustrated in 
figure 5 may be used. 

Burettes should not be filled for calibration by introducing mercury from 
above, because in falling it is likely to trap air bubbles. The mercury should 
be driven in from below by pressure from a leveling bulb attached to the 
outlet by rubber tubing, or should be drawn into the burette or pipette by 
suction. 
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The usual type of i-nicroburette with a hne enough lip to sustain mercury 
can be calibrated very simply. Clean mercury is ])laccd in a beakei. 1 he 
delivery tip of the burette is immersed in the meicurj' , the othei end is 
attached to a water pump by means of pressure tubing cqui])ped with a screw 
clamp or, better still, a three-way stop-cock by which tire vacuum can be 
turned on or off at will. If the burette is to be used to deliver aciueous solu- 
tions, a small amount of water is drawn into the tip of the burette l)efore this 
is placed in the mercury. Suction is applied and the mercury is drawn 
slowly up into the burette until the meniscus is above the zero mark. The 
burette stop-cock is now closed, the vacuum is cut off and, by means of a line 
drawm out capillary tube, or a roil of filter paper, the water (loating on top 
of the mercury is removed. The mercury meniscus is then brought down to 
the zero point. The beaker of mercury is removed from below, and a. fared 
weighing bottle is put in its place. Fractional volumes of mercury arc 
weighed in the manner described above for the calibration of standard 
burettes with water. 

(Grams Hg) X (Cubic centimeter volume of 1 gram Hg) = volume in cubic centimeters 

The volume in cubic centimeters of 1 gram of mercury is taken from the 
last column of table 2. 

If the burette or apparatus is not ecpiipped with a stop-cock at tlie bottom 
or with a fine enough tip to support a column of mercury, and it is desired to 
calibrate it %vith water over mercury, the apparatus illustrated in ligurc .S is 
convenient. The three-way stop-cock A has as one arm a line cai)illary 
tip which will sustain mercury; the other arms arc connected to a mercury 
leveling bulb C and a mercury reservoir B. The reservoir must liave a 
capacity slightly greater than that of the burette it is intended to calibrate 
and must be made with heavy enough walls to withstand filling with mercury. 

To the upper end of the bulb is attached by heavy walled tubing £ 
the burette to be calibrated. The two glass ends within the tubing 
should be as close together as possible. Water is drawn through B 
until the bulb is almost completely filled. With the leveling bulb ele- 
vated, mercury is now introduced until the water has been displaced 
into the burette to a point somewhat above the zero. Mercury is 
wasted through B to drive out the residual water, and the tip is carefully 
blotted to remove adherent droplets. Calibration is now carried out in 
the usual manner. Mercury is delivered through B and weighed , while 
measurements are made with the water meniscus in the burette. The 
rubber tubing is called upon to resist only the pressure of a water 
column. The whole apparatus must be rigidly set up so that move- 
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ments of the stop-cock and leveling bulb do not cause flexion or stretch- 
ing of the rubber joint E. 

For calibrating a capillary tube of over 0.5 mm. bore, by measurement in a 
still finer capillary of successive portions of mercury withdrawn from the 
tube, the method of Hulett (7) has already been mentioned. It is not re- 
quired for any of the apparatus used for analyses described in this volume. 
Hence the reader who may have occasion to use it is referred to the original 
article (7). 


STANDARD VOLUMETRIC SOLUTIONS 
Definition oj molar and normal solutions for volumetric analysis 

A molar solution of any chemical compound, in the terminology of analyti- 
cal chemistry, is a solution of such a concentration that 1 liter contains one 
gram molecule of the compound, e.g., the molecular weight of hydrochloric 
acid, HCl, is 36.46. Therefore, a molar solution of hydrochloric acid con- 
tains 36.46 grams of HCl per liter; a molar solution of sulfuric acid, HjS 04 
(molecular weight 98.08) contains 98.08 grams per liter. 

A normal solution of any compound is a solution which contains 1 gram 
atom (1.008 grams) of reacting hydrogen per liter, or which can quantita- 
tively replace or react with an equal volume of such a solution. The fraction 
of a gram molecule of any substance in a liter of normal solution depends upon 
the reaction for which the substance is to be used. 

In acid-alkali titration a normal acid solution contains per liter the amount 
of acid that has 1 gram atom of hydrogen replaceable by alkali at the pH 
used as end point in titration; e.g., one molecule of hydrochloric acid, HCl, 
contains one atom of replaceable hydrogen, therefore a liter of a normal 
solution of this acid contains 1 gram molecule, or 36.46 grams of HCl. One 
molecule of sulfuric acid, H2SO4, contains, however, for titration to ordinary 
end points, 2 atoms of replaceable hydrogen; therefore a liter of normal sul- 
furic acid contains one-half of a gram molecule, or 0.5 X 98.08 = 49.04 
grams of H2SO4. In the case of phosphoric acid, i hydrogen is neutralized by 
titration to pH 5, 2 by titration to pH 9, and 3 by titration to pH 12. A 
normal solution of phosphoric acid would, therefore, contain one mole 
(mole = gram molecule) per liter if it were to be used for titration to pH 5 .0, 
I mole per liter if the end point were pH 9, and | if it were to be 12. In 
practice such an acid is not used for a standard. Its behavior serves to illus- 
trate, however, that in acidimetry one must use as end point a pH suited to 
the strength of the acid, strong acids being accurately titratable at pH as low 
as 5, while in weak acids (most organic ones), the acid FI is completely re- 
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placed by alkali only at higher pH. Hence the alkaline end point (pll 
8.0-8.5) of phenolphthalein is customarily used for organic acids. 

A normal alkali solution is one which will neutralize, volume for volume, 
g, normal acid solution. A normal solution of NaOH is molai, liut one of 
Ba(OH)2 is half molar. 

A normal Tcducing solution is one of which a liter contains 1 gram atom 
of oxidizable hydrogen or its equivalent in other reducing sulistances. Ox- 
alic acid, H2C2O4, has 2 hydrogen atoms, both of which are titratablc with 
alkali, and both of which are oxidizable by permanganate. Hence a normal 
solution of oxalic acid, whether for acidimetry or for oxidation by perman- 
ganate, is half molar. 

A normal oxidizing solution is one of which a liter will oxidize 1 gram atom 
of hydrogen, or its equivalent of other reducing substances. In the reaction 

2 ICMnOi -f 5 H 2 Ci 04 + 3 HSO.i - K 2 SO 4 2 MnSO, -|- 10 CO, 8 IIoO 

each molecule of permanganate oxidizes 5 of the hydrogen atoms of oxalic 
acid. Hence a normal solution of permanganate is only fifth molar. 

General principles governing the preparation and maintenance of standard 
solutions for volumetric analyses 

Certain standard solutions can be directly and accurately jircpared by 
weight. Others are standardized directly or indirectly against those which 
have been prepared by weight. All solutions are so prepared that a certain 
quantity of solute is contained in a known volume. The usage in physical 
chemistry, of considering concentrations in terms of moles of solute per mole 
of solvent, rather than per volume of solution, is impracticable for solutions 
used in volumetric analysis. 

In general, volumetric standards, like volumetric measuring apparatus, 
should be accurate to 1 part in 1000. It may be convenient, especially if 
the standard is subject to deterioration or variation in strength, instead of 
adjusting it to the exact strength desired, to bring it approximately to that 
strength, and to use in calculations a factor which relates the actual strength 
of the solution to the strength of the theoretical standard. For example, 
if 50 cc. of accurate 0.1 n standard hydrochloric acid, made from Hulett and 
Bonner acid (see below), is neutralized by 49.5 cc. of alkali, each cc. of alkali 
has an actual strength of 

50 50 

— of 0.1 n; or the factor, / = — = 1.010, for the NaOH solution 

Multiplying the volume of alkali used in a given titration by this factor, /, 
gives the volume of exactly 0.1 n alkali that would be used. 
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Table 8 gives the strengths of concentrated acid and alkali solutions com- 
monly used in commerce, and the quantities of each solution which, if diluted 
to 1 liter, will yield an approximately 1 n solution. 

Preservation of standard solutions 

Solutions vary in durability and stability. Some must be restandardixed 
daily to correct/, some every three months; and some remain unchanged 
indefinitely. It is well to mark on the labels of all containers of standards 
the dates of preparation and restandardization, with the value of / obtained 
on each occasion. 

Some standard solutions tend to become contaminated with molds and 
other impurities, even when they do not deteriorate as a result of contam- 
ination with carbon dioxide, oxidation, expo.sure to light, changes of tem- 
perature, or solution of alkali and silicates from glass. Certain i)recautions 
can be employed to minimize these sources of contamination and 
deterioration. 

Only the highest quality chemicals, which have been kcjit in closed con- 
tainers free from dust, are used; and these are exposed to the air no longer 
than is absolutely necessary for the preparation of the reagent desired. No 
instrument or foreign matter should be introduced into a reagent container 
unless necessary, and then only if such instrument is scrupulously cleaned 
and composed of material that will not react with the reagent. Because 
of the possibility that they may have become contaminated, reagents or 
chemicals that have been removed from stock containers for any ])uri)osc 
should not be returned to these containers. It follows that one should 
remove from stock containers no more material than is necessary for immedi- 
ate requirements. If an excess is removed and can not be wasted, it should 
be placed in a new clean container. Necks and stoppers of containers should 
be carefully cleaned of dust before the containers are opened. 

It is a good general precaution to keep stock standard solutions in a re- 
frigerator. Cold retards the chemical reactions which may deteriorate the 
solutions. It also retards growth of molds and bacteria. 

Photosensitive solutions should be kept in dark glass. 

Addition of disinfectants and preservatives is to be avoided if possible, 
but may be necessary for some solutions. 

Preparation of standard hydrochloric acid sohition from the constant boiling 
mixture method of Eulett and Bonner (3, 5, 6) 

This method, which is capable of accuracy to 1 part in 10,000, depends 
on the fact that when hydrochloric acid solution is distilled the concentration 
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of acid in the undistilled portion approaches a constant concentration (20.22 
per cent of HCl by weight after distillation at 760 mm . pressure) . If boiling 
is continued water and hydrochloric acid distil off in constant proportions 
identical with those in the residual undistilled fraction. 

To concentrated hydrochloric acid (sp. gr. 1.2) add an equal volume 
of water. Bring the solution to a density of 1.096 at 25° by the addition 
of more water or acid. Distil away three-quarters of the mixture at 
the rate of 3 or 4 cc. per minute. The remaining one-quarter has, within 
1 part in 10,000, the composition given in table 9. Of this quarter aU 
but the last 50 or 60 cc. is distilled, and the distillate used to prepare 

TABLE 9 


I-IULETT AND BoNNER’S CONSTANT BOILING PIyDEOCHLORIC AcID (6) 
Values for distillation pressures 730-770 corrected by Foulk and Hollingsworth (5). 
Values for distillation pressures 620-660 added by Bonner and Branting (3), 


BAUOMETRIC PRESSURE AT TIME 
OF DISTILLATION 

HCl CONCENTRATION By WEIGHT 

SOLUTION REQUIRED TO MAKE 

1 LITER OF 0.1 N liCl 

mm. Eg 

pir cent 


620 

20.560 

17.719 

630 

20.532 

17.743 

640 

20.504 

17.767 

650 

20.471 

17.800 

660 

20.438 

17.824 

730 

20.293 

17.956 

740 

20.269 

17.977 

750 

20.245 

17.998 

760 

20.221 

18.019 

770 

20.197 

18.041 


standard solutions. The barometer is recorded at the time of the dis- 
tillation. In glass-stoppered bottles such stock solutions keep 
indefinitely. 

The dilute standards are prepared by diluting the proper weight (not 
volume) of the acid, estimated from table 9, to volume with water. 
16.4 cc., approximating 18 grams, of the acid are measured into a 50-cc. 
flask. More acid is added or withdrawn, by means of a medicine dropper 
with a fine drawn out tip, until the exact weight in table 9 is obtained. 
The acid is then diluted with water, rinsed into a 1-liter calibrated 
flask, and diluted to volume. Further standardization is unnecessary. 
In fact, acid prepared in this manner can be relied upon for the standard- 
ization of alkali and other reagents. 
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Standardization of acid gravinietrically with calcitc {Iceland spar) 

Acids which form soluble calcium salts can be standardized gravimetri- 
cally with accuracy against calcite, an extremely pure crystalline form of 
calcium carbonate. 

To a weighed crystal of Iceland spar in a beaker is added a known 
volume, 50 to 100 cc., of the acid to he standardized. The beaker is 
is covered with a watch glass and set aside until the action of the acid 
on the crystal has completely ceased. The latter is removed from 
the solution, washed in distilled water, dried, and reweighed. The 
loss of weight is due to the solution of the carbonate under the influence 
of the acid. < 


200 X (grams of Iceland spar dissolved) . ^ ^ , 

: = / for 0.1 N acid. 

cubic centimeters of acid added 

If the acid is made up somewhat stronger than 0.1 n, and a given volume 
of it is diluted to / times that volume, the diluted acid will have a factor of 
exactly 1. 

Standardization of other acids by comparison with standard hydrochloric 

acid 

Hydrochloric acid standards prepared by weight from Hulctt and Bonner 
acid, as described above, may be used to standardize any other acid solution 
by the following procedure. 

With a pipette measure 20 or 25 cc. of standard hydrochloric acid into 
a flask and titrate from a burette with alkali of approximately the same 
normality. With the same pipette the same volume of the other acid is 
measured into a flask and titrated, using the same quantity of the same 
indicator, with the same alkali from the same burette, which is filled 
exactly to the zero point at the beginning of each titration. 

The factor of the unknown acid is calculated as 

cubic centimeters standard HCl 

/ = — r: r~ . 

cubic centimeters of other acid 


This procedure eliminates errors from calibration of different pieces of 
glassware and from deterioration or inaccurate standardization of the alkali. 
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Preparation of concentrated sodhwt hydroxide approxvinaoevy jree jro?n 

carbonate 

Dissolve a given weight (100 to 500 grams) of “chemically pure” so- 
dium hydroxide in an equal weight of water. The solution becomes very 
hot, and to avoid breakage should be made only in a vessel of Pyrex 
glass, or a procelain or earthenware jar. After the solution has cooled 
it is transferred to a parafBn lined bottle, which is kept tightly stoppered 
with a paraffined cork. Sodium carbonate is almost insoluble in such 
strong hydroxide, and therefore whatever carbonate is present, except 
traces that are negligible for most purposes, settles in a few days to the 
bottom as sediment. Portions of the clear supernatant fluid are with- 
drawn and diluted to make standard alkali solutions. 

The concentrated solution contains about 70 grams of NaOH per 100 cc. 
It is used in the preparation of 0.1 N alkali described below. 

Preparation of 0.1 n sodium hydroxide 

For each liter of 0.1 n sodium hydroxide desired, dilute 5.9 cc. of the 
clear supernatant concentrated alkali, measured with a graduated 
pipette, to a liter. If a standard solution with the extreme minimum of 
carbonate is required, the dilution is performed with water which has 
been freed of CO 2 by acidifying with sulfuric acid and distilling to obtain 
a distillate free of ammonium carbonate. This distillate is freed of 
remaining traces dissolved CO 2 by boiling or by passing through a 
current of air which has been freed of CO 2 by passage through efficient 
soda lime towers. For ordinary alkali-acid titration work, however, 
the usual distilled water is sufficiently pure. 

To standardize the 0.1 n alkali solution, 20 or 25 cc. of 0.1 n standard- 
ized acid are measured with a calibrated pipette into a flask, indicator is 
added, and the alkali solution is run in from a burette until the end point 
is reached. In titrating alkali against acid it is usually preferable to run 
the alkali into the acid, rather than the reverse, for two reasons: 1, the 
alkali has less opportunity to absorb CO 2 from the air than it would if it 
were first measured into the flask and kept there, with shaking, during 
the titration; 2, when alkali is added to acid the commonly used indi- 
cators change from colorless to colored, or from a lighter to a more 
intense color, changes that are more easily detected than the reverse. 

When the titration in duplicate has been completed, the 0.1 N factor of the 
alkali is calculated as 

, cubic centimeters 0.1 n acid 


rilKlr' ^'onfirv.oJ-grg alkuli 
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All pennangaiiRtc solutions should be restunduidizcd ut intcivuls, [is they 
tend to decompose slowly, especially if they are exposed to light. If pro- 
tected from light by being kept in dark bottles in a cupboard, however, 0.1 n 
solutions may maintain their strength for months. 

Permanganate solutions more dilute than 0.1 n are made up from the 
0.1 N by dilution in small quantities. They should be standardized on the 
day they are to be used, by titration against standard oxalic acid or sodium 
oxalate solution of similar strength, prepared by dilution of 0.1 n solutions. 

Preparation of 0.1 n iodate or hiiodate solution for the slaouhmHzation of 

thiosulfate 

Potassium iodate, KlOs, or potassium biiodate, KH(IO;i)2, can be secured 
in extremely pure form (Merck’s “reagent”) and used for the preparation of 
stable solutions for the standardization of thiosulfate. 

Each molecule of iodic acid or iodate, when reacting with excess potassium 
iodide in the presence of acid, liberates 6 atoms of iodine by the reaction, 

2 KIOs + 10 KI 12 HCl = 12 KCl + 6 H3O + 0 b. 

Therefore, a liter of normal solution of iodate or biiodate contains one-sixth 
of a gram molecule. Of potassium iodate, ICIO3, with a molecular wciglit of 

21.40 

214.0, a liter of 0.1 n solution contains — g — = 3.567 grams. Of ])otas- 

sium biiodate, KH(I03)2, with a molecular weight of 389.97, a liter of 0.1 n 
38.997 

solution contains = 3.250 grams. 

Weigh 3.567 grams of potassium iodate or 3.250 grams of potassium 
biiodate. Dissolve the salt in a small amount of water, transfer the 
solution quantitatively to a liter volumetric flask and dilute to the 
mark with water. The solution, in a glass-stoppered bottle, in a cool 
place, will retain its strength almost indefinitely. 

Standardization of 0.1 s thiosulfate solution 
In the titration of sodium thiosulfate against iodine the reaction is 

2 NaaSjOs -|- I2 = 2 Nal -j- Na2S40i3 

One molecule of thiosulfate is oxidized by one atom of iodine. Therefore, 
a one-tenth molecular solution of thiosulfate is tenth-normal with respect 
to its reaction with iodine. The molecular weight of crystalline sodium 
thiosulfate, Na2S203‘5H20, is 248.2. Therefore 24.82 grams of the salt 
are diluted to a liter to make a 0.1 n solution. 
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The purity and crystal water content of sodium thiosulfate are not suffi- 
ciently constant to ensure the accuracy of a standard solution thus prepared 
by weight. It must be standardized by titration against standard iodate or 
permanganate solution. The thiosulfate solution may keep unchanged for 
several months, but it is not entirely stable, and should consequently be 
restrandardized at intervals. 

It may be standardized by titration against standard solutions of iodate, 
iodine, or permanganate. The iodate is the simplest and most satisfactory. 

As an alternative we describe the permanganate method also. Because of 
the inconvenience of preparing standard iodine solutions by weight, and 
their instability, we do not include its use for standardizing thiosulfate. 

Standardization of thiosulfate by titration against iodate or biioate 

To 25 cc. of the standard 0.1 n iodate or biiodate solution in an Erlen- 
meyer flask add about 10 cc. of a 10 per cent solution of potassium iodide 
and about 20 cc. of 1 n sulfuric or hydrochloric acid. The thiosulfate is 
delivered into the acid iodate from a burette. When the iodine color 
has faded to a pale yellow 1 cc. of starch solution, prepared as described 
below, is added and the titration is continued until the blue color of the 
starch-iodine compound has entirely disappeared. 

cubic centimeters of 0.1 N iodate ,, . ,, , 

== f for 0.1 N thiosulfate. 

cubic centimeters of thiosulfate 

Standardization of thiosulfate against permanganate 

One or two grams of pure potassium iodide, dissolved in a minimum of 
water in an Erlenmeyer flask, are acidified with 5 cc. of dilute hydro- 
chloric acid (1 volume of concentrated hydrochloric acid diluted with 5 
volumes of water). Twenty to 25 cc. of 0.1 n potassium permanganate 
solution are then added, which liberate an equivalent amount of free 
iodine from the iodide. The solution is at once titrated with thiosulfate, 
with starch indicator used in the manner described above. 

cubic centimeters of 0.1 AT permanganate , , 

2 =, f for 0.1 N thiosulfate. 

cubic centimeters of thiosulfate 

Thiosulfate solutions more dilute than 0.1 n are prepared by dilution 
from the 0.1 n solution and should be standardized on the day they 
are used, by titration against an iodate or biiodate solution of equivalent 
strength prepared by dilution of 0.1 n iodate or biiodate. 
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Preparation of 0.1 n iodine solution 

For each liter of solution desired 13 grams of iodine, instead of the 
theoretical 12.69 grams are weighed into a weighing bottle. About 30 
grams of pure potassium iodide are dissolved in about 250 cc. of water. 
The iodine is transferred from the weighing bottle to a 1 liter volumetric 
flask, any crystals of iodine which cling to the walls of the weighing 
bottle being washed into the flask with the iodide solution. The re- 
mainder of the iodide solution is then poured into the flask, the contents 
are shaken until all the iodine has dissolved, and the solution is diluted 
to volume with water. 

The iodine solution is standardized by titrating 20 cc. with thiosulfate 
with starch indicator, in the manner described above for standardization 
of thiosulfate against iodate. 

cubic centimeters of 0.1 iV thiosulfate 

= / for 0.1 N iodine. 

cubic centimeters of iodine solution 

Starch solution for iodomctric titrations 

A 1 per cent solution may be made by dissolving 1 gram of a high grade 
soluble starch (Merck’s Lintner soluble starch is excellent) in cold water 
and diluting to 100 cc. 

A solution may also be prepared from ordinary corn or i)otato starch. 
The latter has been found uniformly satisfactory. One gram of starch is 
rubbed up. with a little cold water until a suspension has been formed. 
This is poured into 200 cc. of boiling water and boiled for a few minutes. 
The mixture is allowed to stand until the sediment has settled, d'he clear 
supernatant solution is used as the indicator. 

Starch solution may become mouldy and deteriorate after a few days. 
The deterioration is prevented or greatly retarded by adding 1 gram of 
salicylic acid per liter to the water used for preparing the starch solution.'’ 

ACCURACY IN VOLUMETRIC ANALYSIS 

Even when each piece of apparatus and each standard solution used is 
accurate to 1 part per 1000, such precision can seldom be claimed for a volu- 
metric analysis. A burette which delivers 50 cc. with an accuracy of 1 part 
per 1000 does not deliver 10 cc. with such precision. The allowed error of 

® C. L. Alsberg and E. P. Grffing (/. Am. Cliem. Soc., 1931, 53, 1401) state that clear 
starch solutions for iodometric titrations can be conveniently prepared merely l)y 
extracting with water the well known breakfast food, puffed rice. 
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0.05 cc. constitutes not 1, but 5 parts per 1000 when only 10 cc. are measured. 
Furthermore the total possible error of a titrimetric analysis is the sum 
of the errors in each piece of apparatus, plus that in each standard solution, 
plus that involved in judging the end point of the titration. It follows that, 
other things being equal, that method of analysis will yield the most accurate 
results which requires measurement of the fewest liquid volumes, use of the 
fewest standard solutions, and determination of only one titration end point. 

Usually the errors in measiirements oj sohition I'ohmes and in fixing 
the end point are constant absolute amounts, not constant percentages. 
There is a certain fraction of a cubic centimeter error in the delivery of each 
pipette or burette, and in the fixation of the end point. The added error of 
these factors in the final result of the analysis is therefore represented by 
imilligrams or millunoles of the substance determined, rather than by a 
percentage of it. The percentage error from measurements is least when the 
sample analyzed contains the largest amount of substance that can be titrated 
with one filling of the burette used. 

The errors dtte to standardization of the standard solutions used, on the other 
hand, are constant percentages of the amounts used and can not be de- 
creased by taking larger samples of material for analysis. 

As an example of calculation of possible error in a common volumetric 
analysis, let us assume that the following figures are obtained in a Kjeldahl 
determination of total nitrogen in urine, the ammonia being determined by 
titration: 

Three cubic centimeters of urine measured from a pipette with an error of 
0.003 cc., or 0.1 per cent. 

Twenty-five cubic centimeters of 0.1 n acid, measured from a burette 
with an error of 0.05 cc. To this must be added 0.025 cc. of possible 
error due to the 1 part per 1000 error in standardization, making the total 
error 0.075 cc. of 0.1 n solution. 

Ten cubic centimeters of 0. 1 n alkali used in back titration, with an error of 
measurements of 0.05 cc. from the burette. To this is added 0.01 cc. of error 
from the 1 part per 1000 error in standardization of the alkali, making the 
total 0.060 cc. of 0.1 N solution involved m measurement of the alkali. 

To these we add the end point error of 0.05 cc. 

The total error involved in the titration is therefore 0.075 -fi 0.060 -f- 
0.050 = 0.185 cc. which is 1.2 per cent of the 15 cc. of 0.1 n ammonia found 
by the analysis. 

To this is added 0.1 per cent error in pipetting the urine sample. 

The total possible error is therefore 1.3 per cent, despite the fact that all 
apparatus and solutions meet the requirement of 0.1 per cent accuracy. 



36 


GENERAL CHEMICAL TECHNIQUE 


The aversge probable erroi" would, of course, be less, because some of the 
errors might be less than 1 ' 1000, and not all would usually be in one 
direction. 

The total possible error calculated above docs not include tliosc errors 
which may have occurred in the preliminary processes of digestion and dis- 
tillation by which the nitrogen was transformed into ammonia and prepared 
for titration. 

The Kjeldahl titration, in which the ammonia is calculated from the differ- 
ence between the volumes of tw^o standard solutions used, cxemiilifics a 
titraiion by differefice. Because of the errors which accumulate upon the 
difference determined, it is difficult without unusual precautions to keep the 
possible errors of such titrations below 1 per cent. 

An example of a simpler volumetric analysis by direct titration, is afforded 
by the titration of oxalic acid, which is used frequently in determining cal- 
cium oxalate. In this analysis there is only one measurement; standard 
permanganate is run into the oxalic acid solution until the end point is ob- 
tained. In such a titration, requiring 25 cc. of 0.1 n permanganate, the 
error, with the same limits of accuracy for burette and standard solution 
assumed in the preceding example would be 0.05 cc. for the liurcttc, plus 

0.025 cc. for the permanganate standardization, plus 0.05 cc. for the end 
point, or a total of 0.125 cc., which represents only 0.5 per cent of the amount 
of substance determined. By doubling the amount of the oxalate samt)]c, 
and therefore of the standard permanganate required, the error would be 
reduced to 0.3 per cent. 


COLORIMETRY 

A colorimeter is a device by which the intensity of a given color in two 
solutions can be compared. If the intensity of color is ctuantitativcly re- 
lated to the concentration of a substance which it is desired to measure, 
colorimetry may be employed for quantitative analysis of that substance. 

Several different types of procedure are utilized in colorimetry: 

1. A series of solutions of different known concentrations, with corre- 
spondingly different coloration, are prepared in test tubes. With these the 
unknown is compared. The tubes are usually placed for comparison side by 
side in a holder called a comparator. 

2. The unknown solution is diluted until its color matches that of a solu- 
tion of known strength. This is spoken of as dilution colorimetry. 

3. Light from the same source is passed through layers of known depth 
of both solutions. The depth of fluid in one or both is altered until the 
intensities of color in light transmitted through the unknown and standard 
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are equal. This is the type of comparison colorimetry used in most modern 
methods. 

Other principles have been employed but have not been widely adopted. 

Series of tubes with comparators are used chiefly when intensity of color is 
not proportional to the concentration of the substance which is to be meas- 
ured, or when the presence of other coloring matter interferes with compari- 
son in a colorimeter. In the usual comparator the solutions, in tubes of 
equal diameter, are viewed against a background which transmits through 
each light of the same nature and intensity. If the unknown contains ex- 
traneous coloring matter besides that which it is desired to measure, a com- 
pensating tube, filled with a solution containing the extraneous matter in the 
same concentration as the unknown, can be placed behind the standard. 
The practical application of a comparator is described in connection with the 
colorimetric determination of pH. 

Dilution colorimetry alone is little used except for relatively rough analy- 
ses; e.g. , in some clinical hemoglobin estimations. It may, however, be com- 
bined to advantage with comparison colorimetry in certain types of analyti- 
cal procedures. 


Comparison colorimetry 

Construction of usual type of comparison colorimeter. The general charac- 
teristics of colorimetric instruments are illustrated in the diagrammatic 
sketch of the Hastings bicolorimetric Duboscq instrument, in figure 88 of 
the chapter on the determination of pH. Light from a source of uniform 
intensity is transmitted, by means of reflectors and prisms, in parallel rays 
through the two fluids to be compared. By mechanical devices the depth of 
one or both columns of fluid through which the light passes can be regulated 
at will. The depths are so adjusted that the colors from the two solutions, 
which are projected into adjoining portions of a visible field, appear equal. 

In modern designs of the standard type of apparatus, represented by the 
Duboscq, Kober-Edett, and similar colorimeters, adjustment of the depth 
of fluid is efl^ected by moving the cups which contain the solutions. Into 
each solution dips a stationary glass plunger, which transmits upwards the 
light that comes to it through the colored solution below. 

The cups consist of thick-walled cylinders of glass. The bottom of each 
cup is formed by a plate of clear glass. In some cups the bottoms are at-- 
tached by means of cement, which is likely to be soluble in certain solvents. 
It is now possible and preferable to use cups with bottoms fused on or held 
in place by pressure without cement. 

Millimeter scales with verniers permit measurement of the distance be- 
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tween, the lower surfaces of the plungers and the bottoms of the cups t(^ within 
0.1 mm. 

The field of the instrument, as viewed through the observing microscope is 
a circle divided into two halves. The dividing line is foimed l)y <idjacent 
ends of the rhombohedral prisms which transmit tlie liglit tliat has i)assed 
through the two cups and plungers. The prisms are so arranged that the 
light which illuminates the right side of the field has ])assed llirougli the 
solution in the left cup, and vice versa. When the two liaJves of the field 
show identical color intensity, the concentrations of the solutions in the 
two cups approximate inverse proportionality to the dei)ths of solution 
layer. The inverse proportionality between color intensity and layer de])th 
does not, however, usually hold with exactness if the concentration of colored 
substance in one cup is more than 1.5 times that in the other. Colorimetry 
is accurate only when the unknown and standard do not differ by more than 
this ratio, and for the most accurate results the difference should be less. 

The source oj light 

Care must be taken that the illumination of the two fields is e([uah 
Equal illumination can be secured best by using an even, ample source of 
light, preferably diffuse daylight or white artificial light, 'rherc arc numer- 
ous satisfactory lamps on the market. The one devised by Cullen is 
especially practical because it is adapted to use with co,m]>arators as well as 
colorimeters and can be improvised from stock electric fixtures. It can also 
be secured from American dealers in laboratory supjfiies. Light from a 150 
to 300-watt Mazda lamp passes down through a filter of “daylight glass” 
into a sheet iron box about 12 x 12 x 12 inches in size. In the box the light 
strikes a reflector consisting of a white piece of sheet iron fastened at an angle 
of 45 degrees, from which the rays are reflected horizontally out through a 
slit about 4 inches high, formed by cutting away the lower iiart of one side 
of the box. The outside of the box is painted black, the inside a smooth, 
flat white. The 45-degree plate, illuminated from above, affords an a'm])le 
smooth white source of diffuse light. The colorimeter is placed in front of 
the opening. 

The Kober-Klett colorimeter is provided with a light in its base, which 
obviates the necessity of an outside source. 

Testing the colorimeter 

Before a colorimeter is used and at frequent intervals it should be tested 
witb regard to the readings of the zero points on the two scales, equality 
of iflumination of the two fields, and equality of transmitted color when 
equal layers of the same solution are received in the two cups. 
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The zero points. The cups, entirely empty, are first placed in position on 
the apparatus and carefully raised until the plungers come into contact 
with the bottoms of the cups. Then the readings on both scales should be 
zero. If this is not the case readings must be corrected for the zero point 
error. For example, if the reading on the left hand scale is +0.2 mm. and 
that on the right hand scale is —0.2, 0.2 mm. must be subtracted from 
all subsequent readings on the left hand scale and added to those on the 
right hand scale. The need for such corrections is obviated on some colorim- 
eters by the introduction of devices by which the scales may be set at the 
zero points. 

Equality of illumination. When the colorimeter is properly placed before 
the source of light both sides of the field should be equally bright and have 
the same appearance. If this does not occur either the source of light is 
improper or there is some defect in the optical apparatus. The commonest 
cause of such difficulties is injury to the mirror of the colorimeter, brought 
about by the inadvert spilling of chemical solutions, especially alkaline 
solutions. 

Equality of transmitted color from doth cups. Portions of the same colored 
fluid, usually the colorimetric standard solution, are placed in both cups. 
The cups are raised to the zero point to expel air bubbles that may have 
formed below the plungers. The depth of fluid in one cup is set at a suitable 
point, and a series of readings is made after the other cup has been repeat- 
edly adjusted to make the two sides of the field look alike. The readings 
on the two scales, corrected for differences in zero points, should be identical. 

Technique of colorimetric determination 

The cups should never be so full that liquid is driven over the top when 
the cups are raised to the zero point. However, there should always be 
enough fluid to cover the lower ends of the plungers within the practical 
range of motion of the cups. 

The standard solution is placed in one of the cups and the “unknown” in 
the other. When the cup receiving either solution is wet with a different 
one, both cup and plunger are rinsed with the new solution by placing some 
of this in the cup which is moved up and down to wash the plunger. The 
rinsing solution is then discarded, and the portion to be analyzed is placed 
in the cup. The depth of layer of the standard is set at some convenient 
point, usually 15 or 20 mm., and the height of the cup containing the un- 
known is adjusted until the color intensities of the two fields match. 
Several such adjustments are made in succession, and the average of the 
readings obtained is used for the calculation. 
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Calculation. Within certain ranges the intensity of color is directly ])ro- 
portional to the concentration of the coloring substance and invciscly jiio- 
portional to the depth of the column of fluid as measured on the colorimeter 
scale. Therefore, if C„ and C, represent concentrations, and U and 5 
represent depths of layer for the unknown and standard, lesjrectivcly, 


Limits of accuracy and sources of error. Few observers can, with lire usual 
colorimetric instruments, match colors with an error of less than 1 jrer cent; 
for most analysts the error is probably nearer 2 or 3 per cent, d’he accu- 
racy is greatly influenced by characteristics of the individual. Some ircrsons 
are incapable of matching colors; others have difficulties with certain special 
colors. Adjustments should be made rapidly to avoid tiring the eyes. 

The range within which depth of solution is proportional to intensity of 
color is quite limited. Standard and unknown can seldom be permitted to 
differ from one another by more than about 50 per cent, i.c. 

U 

must lie between 0.7 and 1,5. If the difference is greater than this another 
standard must be used or the test must be repeated with a different concen- 
tration of the unknown. 

In some analyses, after the colors have been developed cither the standard 
or unknown may be diluted so that the two colors are sufficiently close 
for comparison (e.g., see Benedict’s blood sugar method). Such a combina- 
tion of dilution and comparison colorimetry is probably feasible whenever the 
color is due purely to a single substance. It can not, however, be used in all 
methods. 

Correction curves, indicating the deviation of observed S : U ratios from 
exact inverse proportionality to concentrations, may be used wlien it is desir- 
able to compare solutions so different in concentration that the rule of in- 
verse proportionality does not hold with exactness. To construct such a 
curve, solutions of varying known strengths are compared with a single 
constant standard, and the readings are plotted on coordinate paper. 

Sometimes there is lack of exact proportionality between color intensity 
and concentration, even when the S : XJ ratio is near unity. In this case 
■the cause is usually the presence of interfering colors other than the one that 
is being measured. The most extreme case is, of course, that in which the 
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reaction involves transformation from one color to another, as in pH deter- 
minations or the Fohn colorimetric ferricyanide blood sugar procedure. 
Under these circumstances the range within which comparison colorimetry 
is practicable is extremely limited and can not be enlarged by dilution 
methods or by correction curves, because the color change affects quality of 
color as well as intensity. If the changes involve quantitative change from 
one colored substance to another, as in the change of an indicator from the 
acid to the alkaline form, a bicolorimeter may be used (figure 88), in which 
the light passes through measured depths of two standard solutions, one of 
each color. In other instances light filters which screen out the interfering 
color may be employed, as in the Folin sugar method. 

Other colorimeters. Although the type of colorimeter represented by 
the Duboscq and Kober (9) instruments has been described as the standard 
instrument, other ones are available. Among these may be mentioned the 
Bock-Benedict (2) apparatus, in which the expensive rhombohedral prisms 
of the Duboscq instruments are replaced by mirrors. The Autenrieth and 
Koenigsberger colorimeter has been widely employed for less accurate deter- 
minations, especially in clinical work. The standard solution is carried in a 
wedge-shaped retainer in juxtaposition to a small standard cell containing 
the unknown. The two are viewed through a small slit. By moving the 
wedge the depth of the standard solution may be varied until its color equals 
that of the unknown. Myers (10) has employed the same principle in the 
development of a bicolorimeter. He uses two wedges with their bases in 
opposite directions to hold the two color stadards, and a third wedge for 
blank solution. The instrument is equipped wdth Duboscq prisms and eye 
piece and other improvements, and is built of metal, whereas the original 
Autenrieth apparatus is built of wood. 

NEPHELOMETRY 

A nephelometer is an instrument designed to measure the concentration 
of suspensions. The instruments are similar to colorimeters. The light, 
however, instead of passing through the solution in the plane of vision, 
passes into the solution at right angles to the plane of vision. The rays 
which strike particles suspended in the liquid are reflected into the field of 
vision. The brightness of the field is therefore proportional to the number 
of particles reflecting light. 

Nephelometer attachments are made for Duboscq colorimeters. The 
plungers are replaced by tubes of uniform size to receive the fluids that are 
to be compared; while opaque cups of metal are substituted for the glass 
colorimeter cups. The portions of the tubes not blanketed by the cups are 
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illuminated by horizontal light. As the cups arc moved up and down, the 
length of tube which is illuminated varies. 

The Kober (9) instrument can also be converted into a ne])hclomctcr. 

In the technique of its use the nephelometer docs not dilTcr greatly from 
the colorimeter, and determinations are carried out in the same manner in 
both types of apparatus. All light except the horizontal rays froju a single 
uniform source must be excluded. Therefore it is necessary for Ijoth the 
nephelometer and the light source to be housed together in a si)ccial case of 
some kind that shuts out extraneous light rays. 

The unknown and standard may differ somewhat in concentration, 
but the nature of the suspended matter, especially its degree of disperson in 
the tw^o suspensions, must be identical, and there must be no tendency to 
settling during the determination. To insure such uniformity and stability 
of suspensions is a matter of such difficulty that most analysts, including 
the authors, prefer to avoid the use of the nephelometer when other means of 
analysis can be applied. Bloor, Kober (9), Kleinman (8) and Denis have 
used it most extensively for hiological work. Bloor has recently abandoned 
the nephelometric technique for blood fat determinations and adopted the 
oxidation procedure of Bang (see lipoid chapter). 

Determination of suspended matter by the light absorbed (turbidity) 
in an unmodified colorimeter has been practiced, but it api)ears to be even 
less satisfactory than nephelometry. 

SPECIEIC GRAVITY DETERMINATIONS 

The use of specific gravity bulbs, or hydrometers, such as arc commonly 
used for urine specific gravities, is too familiar to require discussion. ''.I'hcy 
provide the simplest means of gravity determinations when jilenty of fluid 
is available and accuracy of ±0.001 unit is sufficient, d’hc only sjiecial pre- 
caution required is to keep the temperature of water solutions within 2”, and 
of alcohol within 0.5°, of the temperature for which the bulb is standardized. 

For more exact gravity determinations pycnomders or si)ccific gravity 
bottles are used. These are small stoppered flasks, or other forms of vessels, 
of which a sufficient variety for convenient use under varying conditions can 
be seen in any apparatus catalog. They are all used in the same general 
manner, to compare the weight of a given volume of a fluid cither, (1) with 
its volume to determine density or absolute specific gravity, or, (2) with the 
weight of water at the same temperature to determine relative specific 
gravity. 

Absohite specific gravities, or densities are expressed by the symbol D“, 
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indicating that the figure shows the density of the fluid compared with that 
of water at 4 degrees. 

To determine absolute specific gravity the volume held by a pycnom- 
eter is first ascertained by weighing the water which it contains, and 
multiplying this weight in grams by the volume of 1 gram water at the 
observed temperature, e.g,, by 1.0028 if the temperature is 20° (see 
t 

table 2). The density D“ is the grams of liquid which the pycnometer 

holds divided by the volume in cubic centimeters ascertained in the 
above manner. 


Relative specific gravities express the ratio of weight of observed fluid to 

that of water at the same temperature. Relative specific gravity is symbol- 

t . 20 

ized as where t represents the temperature of both fluids, e.g. D~ 


indicates the density of a fluid compared with that of water when both are 
at 20 degrees. Urine specific gravity bulbs are usually calibrated to give 
relative specific gravity. 

Efect of temperature. For water and dilute water solutions the change in 
specific gravity is about 0.0002 unit in density per degree centigrade. For 
many organic liquids the coefficient of expansion is greater; for alcohol it is 
0.0008, or 4 times as great as for water. When a specific gravity is taken for 
comparison with standard values the temperature of the fluid must be fixed 
with an accuracy proportional to that which one seeks to obtain in the grav- 
ity determination. With urine a temperature rise of 5 degrees C. will 
change the gravity by 1 point in the third decimal place, e.g., from 1.021 to 
1.020. Since the gravity of urine is usually measured only to the third 
place, fixation of the temperature within 2°C. of the standard temperature 
(e.g., between 22° and 18° if the standard is 20°) is sufficient to prevent signifi- 
cant error from temperature variation. If accuracy to the fourth decimal 
place is sought, it is necessary to keep the temperature within 0.2° of stand- 
ard, or to make a correction for the temperature effect. 


When specific gravities are desired accurate to more than 0.0002 of a 
unit, which is the change caused in water by 1 degree of temperature, a 
pycnometer with an open capillary outlet is filled with solution at a tem- 
perature slightly below the standard, and is then immersed in a bath at 
the standard temperature. As the fluid warms it rises through the 
capillary. When expansion has been completed the exuded fluid is 
removed, and the pycnometer is weighed. 

It is preferable to take such gravities with the pycnometer at tempera- 
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TABLE 10 

Relative Proportions of Alcohol by Weight ano Volume and Spi.c imc (iravity 
OF Alcohol-water Mixtures at 20° 


PER CENT 
ALCOHOL BY 
VOLUME 

PER CENT 

alcohol by 

WEIGHT 

SPECIFIC GRAVITY 

PER CENT 
ALCOHOL BY 
VOLUME 

PER ('KNI' 
ALCOHOL nV 

WE nil IT 

.Sl'KCIMi; CHAV 
ITY 1) ^ 

1 

0.795 

0.9967 

42 

35.150 

0.9447 

2 

1.593 

0.9953 

43 

36.0.50 

0.9430 

3 

2.392 

0.9938 

44 

36.955 

0.9412 

4 

3.194 

0.9924 

45 

37.865 

0.9385 

S 

3.998 

0.9910 

46 

38.778 

0.9376 

6 

4.804 

0.9897 

47 

.39.697 

0.93.58 

7 

5.612 

0.9884 

48 

40.622 

0.9.3.39 

8 

6.422 

0.9872 

40 

41.551 

0.9320 

9 

7.234 

0.9860 

50 

42.487 

0.9301 

10 

8.047 

0.9847 

51 

43.428 

0.9281 

11 

8.862 

0.9835 

52 

44.374 

0.9261 

12 

9.679 

0.9823 

53 

45.326 

0.9240 

13 

10.497 

0.9812 

54 

46.283 

0.9220 

14 

11.317 

0.9801 

55 

47.245 

0.9199 

15 

12.138 

0.9789 

56 

48.214 

0.9178 

16 

12.961 

0.9778 

57 

49.187 

0.91.56 

17 

13.786 

0.9767 

58 

.50.167 

0.9135 

18 

14.612 

0.9756 

59 

51 .1.54 

().9]]3 

19 

15.440 

0.9746 

60 

.52.147 

0.9090 

20 

16:269 

0.9735 

61 

.53.146 

0.9068 

21 

17.100 

0.9725 

62 

.54.152 

0.9045 

22 

17.933 

0.9714 

63 

.55.165 

0.9022 

23 

18.768 

0.9703 

64 

56 . 1 84 

0.8999 

24 

19.604 

0.969.2 

65 

57 . 208 

0.8976 

25 

20.443 

0.9680 

66 

58.241 

0.89.52 

26 

21.285 

0.9670 

67 

.59.279 

0.8928 

27 

22.127 

0.9657 

68 

60.325 

0.8904 

28 

22.973 

0.9646 

69 

61.379 

0.8879 

29 

23.820 

0.9634 

70 

62.441 

0.88.55 

30 

24.670 

0.96^ 

71 

63.511 

0.88.30 

31 

25.524 

0.9609 

72 

64.. 588 

0.8805 

32 

26.382 

0.9596 

73 

65.674 

0 . 8779 

33 

27.242 

0.9583 

74 

66.768 

0.87.5.3 

34 

28.104 

0.9569 

75 

67.870 

0.8727 

35 

28.971 

0.9555 

76 

68.982 

0.8701 

36 

29.842 

0.9541 

77 

70.102 

0.8674 

37 

30.717 

0.9526 

78 . 

71.234 

0.8647 

38 

31.596 

0.9511 

79 

72.375 

0.8620 

39 

32.478 

0.9495 

80 

73.526 

0.8.592 

40 

33.364 

0.9479 

81 

74.686 

0.8.564 

41 

34.254 

0.9463 

82 

75.8.58 

0.8.536 
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TABLE 10 — Concluded 


PER CENT 
ALCOHOL BY 
VOLUME 

PER CENT 

ALCOHOL BY 
WEIGHT 

SPECIFIC GRAVITY 

PER CENT 
ALCOHOL BY 
VOLUME 

PER CENT 
ALCOHOL BY 
WEIGHT 

SPECIFIC GRAV- 

ITY D-t- 
4- 

83 

77.039 

0.8507 

92 

88.310 

0.8224 

84 

78.233 

0.8478 

93 

89.652 

0.8189 

85 

79.441 

0.8448 

94 

91.025 

0.8152 

86 

80.662 

0.8418 

95 

92.423 

0.8114 

87 

81.897 

0.8387 

96 

93.851 

0.8075 

88 

83.144 

0.8356 

97 

95.315 

0.8033 

89 

84.408 

0.8325 

98 

96.820 

0.7990 

90 

85.689 

0.8292 

99 

98.381 

0.7943 

91 

86.989 

0.8259 

100 

100.000 

0.7893 


tures as as or warmer than that of the room air for two reasons. 
( 1 ) It is better after removal of the pycnometer from the bath to have the 
fluid contract and draw back down the capillary than to have it expand 
further, and perhaps ooze out, before the weighing is finished. (2) If 
a glass vessel containing fluid colder than the air is weighed, moisture 
from the air may condense on the glass. Undesirable haste in weighing 
may be necessary to prevent error from one or both of these causes if 
the pycnometer is filled much below room temperature. 

In place of bringing a water solution in the pycnometer to standard 
temperature, one may fill at any room temperature within a few degrees 
of the standard, and correct the result for temperature by adding 
0.0002 to the observed gravity for each degree centigrade above standard 
at which the weighing is made, or subtracting 0.0002 from the observed 
gravity for each degree below standard. Such correction, if for a tem- 
perature difference of less than 5° is accurate within 0.0001 unit of 
specific gravity. For an example of its application, and of special pre- 
cautions necessary for accuracy with a micro-pycnometer, see section on 
plasma specific gravity in chapter XXL 

Besides urine and plasma, one is most likely to use density determinations 
to ascertain alcohol concentrations in water-alcohol solutions. In table 10 
are given the densities of water-alcohol mixtures. 

CLEANING MERCURY 

Mercury should not be allowed to come into contact with other metals, 
because of its tendency to form amalgams. Mercury that does become 
contaminated in this manner must not be returned to the stock supply until 










46 


GENERAL CHEMICAL TECHNIQUE 


it has been freed from amalgam. Such contaminated mercury leaves 
adherent fihns on glass. 

Slightly contaminated mercury is placed in a beaker or evaporating 
dish to expose a large surface. The surface is covered with a mixture of 
equal volumes of concentrated nitric acid and water, which is allowed to 
stand for a few minutes. This dissolves the major part of the scum 
from the surface of the mercury. The acid is then washed off by decan- 
tation with water. The mercury is next poured in a fine stream through 
a cleaning tower filled with dilute nitric acid (a 10 volume per cent 
solution of concentrated nitric acid). The tower consists of a glass tube 
about 1 meter high and 25 mm. in diameter. At the bottom a tube of 
about 4 mm. bore, curved in the form of a goose-neck, is fused or at- 
tached by rubber stopper. Mercury from a funnel drawn out to a fine 
capillary falls in a fine stream into the nitric acid in this tower, collects 
in the bottom under the acid, and eventually passes out through the 
curved tube at the bottom. The mercury thus washed is then poured 
through a second tower filled with water in order to wash off the major 
portion of the acid. It is finally washed repeatedly with distilled water 
by decantation in an open dish or beaker until the washings are neutral. 

Mercury which contains large amounts of other metals is best purified 
by distillation m vacuo. Amalgams can, however, usually be eliminated 
by oxidation. The mercury is covered with a thick layer of equal parts 
of water and a saturated solution of sodium hydroxide in a wash bottle 
attached to a suction tube. A current of air is bubbled through the 
mercury and alkali for several days, the alkali being renewed from time 
to time as it becomes soiled. When aeration is completed the mercury 
is subjected to the usual washing procedure described above. 

Gross contaminations of grease and dirt can be removed by strain- 
ing mercury through towels. ' 

ETCHING GLASS APPARATUS 

To etch new calibration marks, corrections, etc., on glass apparatus, 
warm the apparatus by passing it through a flame a few times and then 
paint it with a thin, even layer of melted paraffin. The layer remains 
more even if the vessel is rolled while the parafiin hardens. The de- 
sired marks are then cut through the paraffin with a sharp point. A 
sharp pencil will serve the purpose. The sharp point should be held in a 
fixed position while the flask, burette or pipette is rotated against it. 
The marks are then painted with hydrofluoric acid by means of a long 
handled brush. If hydrofluoric acid comes in contact with the 
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hands it may cause subsequent necrosis. After the acid has acted 
for about twenty minutes, it is washed off under the tap. The vessel is 
then warmed until the paraflBb. melts, when the latter is wiped off with a 
towel. If it is desired that the marks stand out more clearly, they may 
be filled with the colored wax of a wax pencil or with black asphalt paint. 
The coloring substance is smeared on warm and then lightly wiped away 
from the surface, leaving only that which was caught in the etched lines. 
If a new mark is placed on a vessel previously calibrated, the correct 
mark is indicated by some distinguishing sign, such as a short arrow. 

LUBRICATION OP GLASS STOP-COCKS 

Success in handling any apparatus that involves the use of stop-cocks, 
particularly apparatus for measurement of gases, depends to no small extent 
upon proper lubrication of these stop-cocks. This, in turn, depends upon 
the careful application of satisfactory lubricants. 

Vaseline-rubber lubricant.^ One part of pure, non- vulcanized, raw 
rubber gum is cut into small pieces and dissolved in 4 parts of vaseline 
and 1 part of paraffin. The mixture is heated in an oven at 110°, with 
occasional stirring, until the rubber has disintegrated and mass has be- 
come apparently uniform. This requires about two days. Then the 
mixture is heated with a micro burner for a half-hour at 150° to 160°, 
and is strained through cotton gauze to remove any undissolved particles. 

This lubricant is used together with vaseline. A thin layer of vaseline 
is first applied to the core of the stop-cock, and then a thin layer of the 
vaseline-rubber lubricant. If the room temperature is high more of the 
rubber lubricant and less of the pure vaseline is used, and vice versa. 
This combination, in the experience df the authors, yields joints that 
hold more reliably and require lubrication less frequently than any 
other mode of lubrication they have attempted. 

The stop-cock with its adjoining connections must be scrupulously 
cleaned before it is lubricated. Commercial pipe cleaners are useful in 
cleaning connections and bores. Old grease may be removed by scrub- 
bing with a little ether. 

Lubricant which enters the bore of the stop-cock and the adjoining 
connections must be removed. Such entrance can be minimized by 
applying only a minimal amount of grease m a ring about each end of 
the stop-cock and working this in by turning the core in its casing. A 
well lubricated cock should appear transparent throughout and should 
turn with perfect ease. 

® This lubricant can be obtained from Eimer and Amend, New York. 
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Pressure should not be exerted upon a stop-cock either during the process 
of lubrication or in the subsequent use of the apparatus. Such pressure 
tends to drive out the lubricant and to wear the cock. If bits of lint or 
other foreign matter are left between the core and casing during luirrication 
they will etch the cock, leaving channels with resultant leaks. 

RUBBER STOPPERS AND CONNECTING TUBING 

Only the highest grade tubing should be used for stoppers and for connect- 
ing tubes which may come into contact with reagents or reaction mix- 
tures. Such tubing and stoppers, when purchased, are often covered with 
talc, sulfur '‘bloom,” or other surface impurity which must be removed, 
together with any soluble matter, before the rubber ctui be used. 

Cleaning rubber. For ordinary purposes stopjrers can ])e sufliciently 
cleaned by scrubbing in water, but it is usually desirable in addition to treat 
them with alkali in the manner prescribed for rubber tulring below. 

Tubing is first scrubbed by drawing through it a wire to which a wet 
cloth has been attached. This is repeated until all obvious “bloom” 
has been removed. The tubing is then boiled for five minutes in dilute 
sodium hydroxide (about 0.5 normal). The alkali is washed off with 
running water. The tubing is again boiled, this time in dilute hydro- 
chloric acid (1 volume of concentrated hydrochloric acid to 25 of water), 
for five minutes. It is then washed with tap water until the washings 
are neutral. Tubing may be best washed by attaching it to a faucet. 

Preserving rubber. Tubing does not keep so well after the “bloom” has 
been removed; therefore only enough should be prejRired for immediate 
needs. Rubber goods tend to deteriorate with time, becoming non-elastic 
and cracking. Deterioration is accelerated by heat and drying. It is well, 
therefore, to keep all tubing in a cool place, best of all in a sealed desiccator 
containing an open bottle of turpentine. These precautions are especially 
important in hot climates and summer weather. 

Only higher grade black rubber tubing, which has been cleaned, in the 
manner described above, should ever be used in the administration of 
intravenous solutions. 


EYE PROTECTION 

Protective glasses should be worn whenever an operation is carried out 
that may result in the explosion or collapse of glass vessels, or in the spurt- 
ing or spattering of alkaline or hot acid solutions. Distillations in vacuo, 
and the acid digestions and alkaline distillations connected with Kjeldahl 
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analyses call for such protection. Even minor explosions or spatterings of 
caustic solution may result in complete destruction of eyesight. The writer 
has known two friends and colleagues who have thus been blinded for life, 
one by glass splinters, the other by a few drops of alkali. The best practice 
is to have a comfortable pair of ordinary spectacles with fairly large lenses, 
or plain glass plates, and wear them as a matter of regular routine always 
while in the laboratory. The putting on of special protective goggles at 
times when protection seems necessary is a much less sure practice, because 
the damaging accident is likely to occur at a moment when no danger is 
expected. 


CHOICE OF METHODS 

In a given case the relative desirabilities of the different methods avail- 
able for an analysis depend upon conditions, such as the facilities of the 
laboratory, the number of determinations to be done, and the personal 
characteristics of the analyst. If only one or a few analyses are to be made, 
it may be simpler to do them gravimetrically than to make standard solu- 
tions and check the technique for a titration or colorimetric procedure, even 
when the latter would" be preferable for numerous routine determinations. 
When the laboratory possesses one of the modern rapid-weighing balances, 
and the porous Jena glass crucibles can be used, gravimetric determinations 
may be so convenient and simple that they are preferable even for routine. 

In choosing between colorimetric and titration methods both the labora- 
tory equipment and the physiological equipment of the analyst play roles. 

Some colorimeters give fields more capable of exact comparison than do 
other instruments even of the same make. Furthermore some persons have 
eyes better adapted to colorimetric work than others: there are variations 
both in degree of sensitivity to color intensities and in the rate at which the 
eye becomes fatigued. In consequence one analyst may rejoice in a given 
colorimetric method and another may condemn it. 

For one to whom the manipulation of precise measuring apparatus is 
attractive, the gasometric methods combine the rapidity of titration or color- 
imetric procedures with the advantages of gravimetric analyses in objective 
accuracy and freedom from dependence on standard solutions. 
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CHAPTER II 


Special Biochemical Technique 

The composition of blood and excreta is influenced in vivo by the activi- 
ties of various bodily functions, and, furthermore may change rapidly in 
vitro. To control the conditions under which the material is collected and 
brought to analysis in such a manner that the results shall yield significant 
interpretations, special techniques have been developed, which will be 
discussed in the following pages. 

preparation oe subject 

The compositions of the blood, other body fluids, and excreta are affected 
not only by pathological conditions, but also by physiological responses to 
various factors, such as diet, muscular and digestive activity, and even 
emotion. Such factors can cause blood or urine from healthy people to 
show in some constituents sudden changes from the usual normal values 
equaling the changes encountered in advanced disease; for example, less 
than a minute of severe exercise may lower the bicarbonate content of the 
blood as much as does fairly advanced diabetic acidosis. In order to inter- 
pret the results of clinical analyses it is therefore frequently necessary to 
fix or know the conditions of rest or activity, digestion or fast, and previous 
regime of the subject. The conditions that must be controlled or known 
depend upon the nature and object of the analyses undertaken. Conse- 
quently no general rule can be laid down; the person in charge of the exami- 
nation should be familiar with the known physiological factors which may 
influence his results; factors that we have attempted to outline in the volume 
on “Interpretations.” Only such familiarity can indicate for each t 3 q)e of 
determination the precautions which must be observed, and likewise those 
the observance of which is superfluous. As a general statement one can 
say little more than that blood should, for most analyses, be drawn during 
a period of more or less complete physical and emotional quiet, and that 
when sugar is to be determined the time of drawing must be definitely 
related to the time and nature of the preceding meals. Furthermore, the 
24-hour output of most excretory substances, such as total nitrogen, urea, 
uric acid, and the mineral elements, can be interpreted only by comparison 
with food intake. 
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Whenever possible, and always when the result leads to an interpreta- 
tion at variance with that yielded by other clinical data, or for any other 
reason appears open to doubt, it is desirable to repeat the examination with 
fresh material, obtaining a check not only upon the accuracy of the analysis 
but also upon the effect of physiological factors in vivo at the time the 
material is obtained. 


DRAWING BLOOD FOR ANALYSIS 

In the volume on “Interpretations” it is pointed out in several connec- 
tions that blood is not uniform in composition throughout the circulation. 
Arterial blood differs from venous blood, which in turn varies from Lime to 
time and from place to place depending on the functional activity and the 
rate of circulation in the tissues through which it has passed. These varia- 
tions are not without significance in certain types of studies. They may 
involve not only CO 2 and O 2 , but also water and electrolytes, glucose and 
lactic acid. 

Arterial puncture. For certain purposes arterial blood is preferable 
to venous. It can be obtained by arterial puncture, as has been demon- 
strated by Hiirter (21), Stadie (34) and others, from the radial, brachial 
or femoral arteries. A No. 20 gauge hypodermic needle sharpened to 
a fine edge with a short bevel (about 45 degrees) and attached to a 
syringe of suitable size, is used for such a puncture. The point of 
puncture is selected where the artery is supei-ficial and easily palpable. 
The skin is anesthetized with a little novocaine. The needle is then 
passed through the skin at this point in the direction of the artery. 
Under the guidance of the fingers and the arterial pulsation the needle 
is passed through the arterial wall at an angle of about 45 to 60 degrees 
with the plane of the artery. When the needle has entered the arterial 
lumen the force of the blood pressure is sufficient to fill the syringe 
without suction. Occasionally the vessel contracts so violently for a 
short period after it has been entered that the blood flow is entirely 
shut off. After a moment, however, the vessel will dilate again and 
the blood will flow freely. When the needle is withdrawn firm pres- 
sure must be applied over the artery for a few minutes. 

Cutaneous blood. Blood which flows freely from a cutaneous puncture is, 
as far as chemical composition is concerned, indistinguishable from arterial 
blood; probably because after the first drops only the smaller arterial 
radicles continue to bleed (5, 14). Small amounts of blood for micro- 
analysis can therefore be secured by cutaneous puncture or incision when 
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arterialized blood is required. Drucker and Cullen (5) have drawn blood 
anaerobically from such incisions by immersing the part in sterile paraffin 
oil. Not more than 0.2 cc. of blood can be obtained easily from the ear or 
finger tip, although larger amounts may be collected from the heels of 
infants by freer incision (5), In any case the puncture or incision must be 
so large and deep that the necessary amount of blood can be secured without 
the production of stasis. The first drop that flows from the wound should 
be discarded. 

Arterialized venous blood. Dautrebande, Davies and Meakins (3) have 
pointed out that the difference between venous and arterial blood drawn 
from the arm is greatly influenced by the temperature of the part. Cold 
slows down the circulation and magnifies the difference, while heat has the 
reverse effect. They found that blood drawn from the antecubital veins 
after the arm has been immersed for ten to twenty minutes in a bath at 
45^, is almost indistinguishable in oxygen content from arterial blood. 
Goldschmidt and Light (15) find that blood from the veins on the back of 
the hand after similar treatment is even more nearly arterial, presumably 
because it has passed through less actively functioning tissue. 

They immerse the hand and wrist in water at 45® to 47® for ten min- 
utes. At the end of this time the hand is withdrawn far enough to 
permit the insertion of the needle into one of the veins. The heat dis- 
tends the vessels so that they are easy to enter. A vein close to the 
knuckles is the most satisfactory. The needle is introduced with the 
point directed towards the fingers. Care must be taken not to pierce the 
opposite wall of the vein, and slight pressure must be applied after the 
needle is withdrawn. 

Venous puncture. Even if arterial blood is not required, it is inadvisable 
to alter the composition of venous blood in the process of securing a sample. 
Before venous puncture the arm should be at least naturally warm and not 
chilled. The production of venous stasis should be avoided as far as pos- 
sible. If a tourniquet is required it should be applied immediately before 
the vein is entered and removed as soon as the blood begins to flow. Slight 
momentary manual pressure just above the puncture will usually suffice to 
distend the vein. 

ANAEROBIC DRAWING AND PRESERVATION OF BLOOD FOR GAS 
AND ELECTROLYTE DETERMINATIONS 

A. The mercury sampling bulb {fig. 6). According to the experience of 
the authors, blood used for accurate determination of the gases, or of other 
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constituents which are affected by changes in the gases, must lie drawn 
entirely without contact with air, or with oil or any otlicr Iluid thus fur 
tested except mercury. For meeting these necessities llie device sliown 
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defibrinating it, and for chilling it by immediate immersion in ice water, 
which must be done routinely when oxygen or carbon dioxide determinations 
are to be carried out on the whole blood with maximal precision. 

If the bulb with blood or serum is placed in a refrigerator the lower 
stop-cock should be left open and the leveling bulb elevated. Otherwise 
negative pressure, due to contraction of the bulb contents with fall of 
temperature, may cause formation of a small evacuated space into which 
gases pass from the blood. 

The bulbs are also useful for the remoml from centrifuged blood of serum 
and plasma, and for their preservation until analysis. For this purpose 
the capillary tip shown in figure 6 is used. It is connected with the sampling 
bulb and filled with mercury by means of the leveling bulb. The tip is 
then inserted beneath the surface of the serum or plasma, which is covered 
usually with oil. During the insertion care must be taken that no drop 
of mercury falls into the serum, or cells will be stirred up wdth the serum. 
With leveling bulb lowered, the serum or plasma is drawn into the sam- 
pling bulb. 

Eisenman (7) has shown that the bulb can also be used for the anaerobic 
defibrination of blood. The blood, without anticoagulant, is discharged 
into the sampling bulb immediately after it is drawn. The bulb is then 
inverted repeatedly so that the small amount of mercury which remains 
in it is driven from one end to the other. As the blood coagulates the fibrin 
clot becomes intimately adherent to the mercury droplets. When clotting 
is complete the coagulum sinks to the bottom of the tube with the residual 
mercury leaving the defibrinated blood as supernatant fluid above the 
mercury. 

B. The oil tube. A less desirable device, which enables one to draw the 
blood under a layer of paraffin oil, is shown in figure 7, I and III. Carbon 
dioxide will not to a significant extent escape from blood under oil in a tube 
that stands quietly for two or three hours, but is rapidly lost if the tube is 
agitated, as- in centrifuging. Oil retards, but does not at all prevent, the 
escape of CO 2 from the surface of blood. The retardation is due to the 
interference with the movement of CO 2 molecules from the blood surface, 
and not to insolubility of the gas in the oil. In fact carbon dioxide is much 
more soluble in oil than in water (23). 

Similarly oil retards only for a time diffusion of oxygen from air into 
the blood. 

Another disadvantage of the oil tube is that when samples of whole blood 
are drawn by insertmg a pipette through the oil into the blood it is almost 
impossible to get samples entirely free from oil droplets. 
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Fig. 7. Tubes for anaerobic collection and centrifugation of blood 

I. Test tube for collecting blood under oil 

II. Centrifuge tube to be completely filled with blood and stoppered 
ni. Constneted tubes of Myers and Munt^vyler for centrifuging under oil 



ANAEROBIC HANDLING OF BLOOD 


57 


If the tube is to be centrifuged, or is to stand longer than two hours 
before samples are drawn for analysis, the oil should be replaced by a layer 
of paraffin. Some paraffin melting below 45° is heated just enough to melt 
it. The layer of paraffin oil on the blood is almost completely removed, 
and the melted paraffin is poured instantly over the blood in the tube. It 
mixes with the remaining oil and solidifies on cooling, 

C. The oiled syringe. A third procedure is to draw the blood in a syringe 
that has been first filled with oil, of which all is ejected except the amount 
needed to displace air from the dead space near and in the needle. The 
barrel of the syringe can be coated with a film of oxalate to prevent coagula- 
tion. This method has the disadvantage that it mixes the blood with oil. 

Blood drawn into an oiled syringe can be transferred to the mercury 
sampling tube described above. To do this the bulb H (fig. 6) and the rub- 
ber tube G above the bulb are completely filled with mercury. The needle 
is removed from the syringe into which blood has been drawn, and the oil 
is ejected while the syringe is held upright. The glass tip of the syringe 
is then inserted into rubber tube H, into which the tip should fit tightly. 
A small amount of mercury is displaced by the tip. The blood is then 
drawn into the sampling tube. 

ANAEROBIC CENTRIFUG.4.TION OF BLOOD 

If serum or plasma is desired for determination of CO 2 or bicarbonate or 
chloride content, or for pH, centrifugation must be performed without 
contact with air. The centrifugation may be accomplished either in a 
stoppered tube which is completely filled with blood, so that no air bubbles 
are present under the stopper, or it can be done under a layer of oil in a 
constricted tube, or under a layer of paraffin. A layer of oil in an ordinary 
tube does not suffice to prevent loss of CO 2 and rise of pH during cen- 
trifugation. 

For centrifuging in a completely filled tube a rubber stopper of 
the type shown in figure 7, II, a or 7, II, b is used. These tubes can be 
kept in various sizes suitable for different analytical purposes. The 
required amount of blood, drawn in a syringe in the manner described 
above, is injected through the needle beneath a layer of paraffin oil 
into a centrifuge tube small enough to be completely filled by the vol- 
ume of blood available. The oil is displaced from the tube by the 
blood until only a thin layer remains at the top of the tube. A stopper 
of one of the two types shown is then inserted. Stopper a is a perfo- 
rated rubber stopper, the lower part of which has been ground to fit the 
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tube, leaving a flange above to support it during the process of centri- 
fugation. When the stopper is inserted the last vestiges of oil in the 
tube are displaced through the perforation, which is subsequently 
closed by the glass plug. Instead of this a ‘^No-air” rubber stopper of 
the type used for vaccine bottles and illustrated in b may be used. 
A hypodermic needle is driven through the cap. When the stopper is 
inserted the oil is forced out through the needle, which is then with- 
drawn. 

When the serum is to be removed the glass plug is removed from c 
and oil is introduced through the hole in the stopper as the latter 
withdrawn. With b the needle, this time attached to a syringe filled 
with oil, is driven through the cap and oil is injected as the cap is 
withdrawn. The serum is then transferred to a mercury sampling 
bulb as described above. 

To centrifuge under oil the constricted tubes of Myers and Munt- 
wyler (27a) may be used (fig. 7, III). The blood may be run from a 
syringe under a layer of oil into such a tube, which has been previously 
provided with oxalate, either powdered or, preferably, as a film coat- 
ing the wall. The amount of blood is sufficient to bring the oil-blood 
interface to the constricted part of the tube. The surface of contact 
between the two fluids is thereby so diminished that during ordinary 
centrifugation no significant loss of CO 2 occurs from the plasma. 

To centrifuge under solid paraffin the blood is run under a layer of 
paraffin oil in an ordinary centrifuge tube. The oil is then replaced 
by melted paraffin as described above on page 57. After the paraffin 
has hardened the tube is centrifuged. A hole is then made through 
the paraffin with a warm cork borer, and the plasma is drawn out 
through the opening, either into a pipette for immediate analysis, or 
into the mercury tube shown in figure 6, if the plasma is to be analyzed 
for CO 2 or pH later (see p. 815 of Van Slyke, Wu, and McLean (38)). 
For analyses of plasma other than of CO2, BHCO3, or pH, anaerobic 
preservation during the interval between centrifugation and analysis 
is unnecessary. 


MEASURING BLOOD SAMPLES 

To measure a sample from the mercury sampling bulb (fig. 6), the 
latter is inverted several times, with the stop-cock closed, so that the 
movement of the mercury will thoroughly mix the blood cells and plasma. 
The mercury bulb is then returned to the upright position shown in the 
figure, and the clamp is removed from the tube G. The leveling 
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bulb should be at the upper level shown in figure 6 . As soon asthe clamp 
is removed from the rubber outlet the tip of a pipette is inserted into 
the rubber tube. If the pipette tip is too narrow to fill the lumen 
of the rubber tube the pipette tip is surrounded with a rubber ring con- 
sisting of a section of narrow bore tubing about 1 cm. long. As soon 
as the pipette is in position the cock at the bottom of the sampling bulb 
is opened, and mercury pressure forces blood up into the pipette. 

To measure a sample of blood from the oil tube (fig. 7, I or III), a 
pipette is closed at the upper end and the tip is thrust quickly through 
the oil layer. The sample is then drawn into the pipette by suction. 
It is difficult to carry out this manoeuvre without having a droplet of 
oil enter the pipette on top of the blood. It is consequently desirable 
to use a pipette that delivers between two marks rather than one that 
is calibrated for complete delivery. With the former the oil droplet 
remains in the pipette after the sample has been delivered for analysis, 
while with a pipette calibrated for complete delivery the oil would be 
delivered as part of the sample to be analyzed. 

PREVENTION OF COAGULATION OF BLOOD 

For the prevention of coagulation four methods have been generally 
employed: defibrination, and addition of oxalate, citrate, or heparin. 
Hirudin, which is the active principle of the secretion of the buccal glands 
of leeches, although widely employed in experimental work in former 
years, is now little seen. Preparations of high potency are hard to secure. 
It has now been quite replaced by heparin, apparently a compound of 
glycuronic acid introduced by Howell (20). 

Defibrination is usually employed when mineral analyses are to be made 
on the separated serum, or when for any purpose it is desirable to avoid 
the introduction into the blood of foreign substances. The removal of 
fibrin can apparently be accomplished wdthout appreciable alteration in 
other constituents of blood (7). 

It is most easily carried out by stirring the blood in a tube or other 
cylindrical receptacle with a footed glass rod. The clot adheres to and 
can easily be removed with the rod. Care must be taken to keep the 
rod from coming into contact with, the sides of the vessel, because this 
traumatizes cells, resulting in hemolysis. Defibrination of blood by 
stirring it in contact with air is unsatisfactory for many types of analy- 
sis because it permits loss of CO 2 and absorption of oxygen, which 
change not only the reaction and gas ’content of the blood but also the 
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anion and water distribution between cells and serum (see chloride 
chapter in “Interpretations” volume). The technique of defibrination 
described above can be performed under a layer of paraffine oil; but 
this does not eliminate CO 2 loss when the fluid is agitated by stirring. 

The anaerobic defibrination technique of Eisenman (7), which is described 
above, is probably the most satisfactory method of preparing whole blood 
for electrolyte or other analyses without addition of anticoagulants. 

If analysis of serum alone, and not of cells, is intended it is simplest to 
obtain the serum from blood which has been allowed to clot spontaneously 
under anaerobic conditions. 

^Potassium, sodium, or ammonium oxalate in a concentration of 0.1 to 0.2 
per cent is an effective anticoagulant. Even in this low concentration, 
however, it causes slight shifts of water and electrolytes between cells and 
serum and a demonstrable alteration of the CO2 combining ca])acity (6). 
The red blood cells always shrink somewhat. This results necessarily in a 
dilution of the non-diffusible components of the serum and a concentration 
of those in the cells with variable effects on Cl and HCO3. It is obvious 
that blood treated with oxalate can not be used ij determination oj calcium 
is to be done, and that sodium and potassium oxalates prevent determina- 
tion of Na and K and of total base. In greater concentration than 0.3 jier 
cent oxalate causes serious alterations of the constitution of the blood, 
even frank hemolysis. 

Potassium has been more used than other oxalates because it dissolves 
more readily. 

Although the disturbing effects of oxalate on the distribution of water 
and electrolytes must be considered in accurate work, by proper care they 
can be reduced to limits that are negligible for many analyses, including 
CO 2 content and pH of plasma. This care consists of using minimal anti- 
coagulant doses of a neutral purified preparation of the salt. Oxalate is 
likely to contain small amounts of carbonate, which give it an alkaline 
reaction. If whole blood is to be analyzed for sugar or nitrogenous com- 
ponents such oxalate may be used without affecting the results. If plasma 
CO 2 or pH is to be determined, the addition of alkaline oxalate is to be 
avoided. 

Whole blood which is to be analyzed for sugar or nitrogenous constituents 
may be collected without special precautions in open bottles containing a 
small amount of powdered potassium oxalate^. The blood is shaken at 
once to dissolve and mix the oxalate, and only enough salt is used to insure 
prevention of coagulation. 
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If plasma is to be removed, especially for electrolyte or gas determina- 
tions, the authors prefer the following technique. The potassium oxa- 
late, unless neutral in reaction, should he recrystallized from hot water 
and washed with cold water. From the recrystallized salt a 30 per cent 
solution is prepared. This is colored with phenol red and brought to 
a pH of 7.4 db 0.2 by the addition of potassium hydroxide or oxalic acid. 
The solution should be readjusted each time it is used. Enough of 
this solution is measured into the tube, syringe, or other blood recep- 
tacle to give a concentration of 3 mg. of oxalate per cc. in the blood 
(0.01 cc. of solution per cubic centimeter of blood). By rotating the 
vessel the oxalate is spread in a film on its walls. It is then dried in a 
stream of air. The tubes must not be heated to accelerate drying be - 1 
cause this decomposes the oxalate and produces alkaline carbonate. 
When the blood is introduced it comes into contact with only a little 
oxalate at a time, which is immediately dissolved. This procedure 
insures uniform rapid mixing of anticoagulant without agitation, pre- 
vents the formation of small clots, and reduces the danger of the hemo- 
lysis which may occur when blood stands in contact with slowly dis- 
solving larger crystals of oxalate. In tubes thus coated woth oxalate, 
blood can be collected under oil or over mercury- with exclusion of 
air contact (see section above on anaerobic treatment of blood). 

Citrate. Potassium and sodium ’citrate are efiScient anticoagulants, but 
for analytical purposes they have, compared with oxalate, the disadvantage 
that they cause greater disturbances in reaction and cell volume. 

Heparin, obtained from dog’s liver by Howell (20), has characteristics 
that should make it an ideal anticoagulant for chemical studies. It is, 
apparently, a carbohydrate compound, probably a glycuronate, containing 
a certain amount of sulfuric acid and calcium. It gains its effect by causing 
an increase in antithrombin when it is added to plasma or serum. In 
purified form it prevents coagulation of blood in a concentration as low 
as 1 mg. per 100 cc., without altering any known physical characteristic 
of the blood. Earlier unpurified specimens tested in the laboratory of one 
of the authors (6) were found to have acid properties and a distinct buffer 
value at the reaction of blood, and were therefore unsuitable for electro- 
lyte or acid-base studies. Apparently the purified product has not yet 
been subjected to such tests. From the character of the compound it 
seems unlikely that the minute amounts required will appreciably influence 
the chemical composition of blood. 
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PBEVENTION OE CHEMICAL CHANGES IN SIII-D BLOOD 

The changes which may occur in shed blood can l)e classified as those 
due to loss of CO 2 and gain of oxygen by exi^iosure to the air, those due to 
spontaneous chemical reactions occurring in the blood, and those due to 
bacterial action. The changes due to air exposure arc ])reven(ed by 
drawing and handling the blood with anaerobic technic|uc. I he other 
changes can be prevented, for the time of a working day at least, by chilling 
the freshly drawn blood to 0° and keeping it at that temperature, i fowever, 
for routine clinical analyses of many types this is not a convenient or neces- 
sary procedure, and other devices have been found which will ]>revent the 
changes interfering with specific analyses. 

Of the spontaneous changes the following arc inprortani ; 

1. Glycolysis, or decomposition of glucose with formation of lactic acid. 
'Phis phenomenon has been discussed in some detail in the carbohydrate 
chapter of Volume I, and will be considered again in the cha])ter on sugar 
determination in this volume. Besides its effect on the sugar and lactic 
acid contents of the blood, it has a marked influence on the pll a.nd CO 2 
tension, the blood becoming more acid and the CO 2 tension higher as the 
process advances (8). 

2. Decomposition of nitrogenous substances with the i)roduction of 
ammonia and products of protein digestion. 

3. Hydrolysis of cellular organic phosphates, yielding inorganic phosidiatc 
which diffuses into the plasma. Conditions which ])romo(c this reaction 
or reverse it are discussed in the chapter on phosphorus. 

4. Alteration of the permeability of the red blood cell membranes, di.s- 
turbing the normal unequal distribution of inorganic elements bctweeir the 
two phases of the blood. 

5. Respiration of the cells, with formation of CO 2 and disa])i)earance of 
O 2 . This process is tremendously accelerated by hemolysis. 

These changes occur with significant rapidity only in the irresence of the 
cells. When the whole blood is to be analyzed the analysis must l)c begun 
before any of the changes have proceeded far enough to affect the result. 
And when serum or plasma is to be analyzed it should be se])aratcd from 
the cells as soon as possible (certainly within an hour) after the blood has 
been collected. If analysis or centrifugation can not be done within 'less 
than an hour, the freshly drawn blood should be chilled in ice water (chilling 
in the air of a refrigerator is too slow) and kept near 0°C. until it can be used. 

For the preservation of whole blood for sugar dcterminalioii a mixture of 
sodium fluoride and thymol is satisfactory (22, 30). The addition to blood, 
at the time it is drawn, of 10 mg. of sodium fluoride and 1 mg. of thymol 



REMOVAL OF BLOOD PROTEINS 


63 


per cubic centimeter is said to keep it, even at incubator temperature, for 
two or three days, in such a state that the concentrations of glucose, total 
non-protein nitrogen and the individual non-protein nitrogenous components 
remain unchanged unless there is gross bacterial contamination (30). The 
mixture also serves as an anticoagulant. Stadie (personal communication) 
finds that ammonium fluoride is more efficient than the potassium salt in 
preventing glycolysis. Lax and Szirmai (24) recommend substituting for 
the thymol an equal concentration of mercuric chloride. Either NaF or 
HgCla, by retarding or inhibiting the action of urease, interferes with the 
determination of urea by urease methods (28). 

If bacterial contamination is prevented sodium fluoride alone will serve 
as anticoagulant and preservative (4, 25, 29). Use of 10 mg. of sodium 
fluoride per cubic centimeter will preserve sterile blood for as much as ten 
days without change of sugar or nitrogenous constituents. However, 3 
times as much will not preserve infected blood (29). Although sodium 
fluoride retards the action of urease. Roe, Irish and Boyd (29) claim that 
its effect can be aboHshed if the blood is diluted 7 to 10 times. 

It is evident that blood which must be kept or transported before analy- 
sis should be drawn with the same bacteriological precautions as blood 
intended for blood cultures, and should be transferred to sterile containers 
for transportation or preservation. Blood thus treated is suitable for deter- 
minations of blood sugar and non-protein nitrogenous constituents, if it is 
preserved with fluoride or fluoride and thymol. It can not, however, be 
used for the determination of electrolytes. If such determinations are 
desired serum or plasma must be separated as soon as possible after the blood 
is withdrawn. The serum or plasma, in hard glass containers, sterile, can 
be kept for a long time without undergoing any electrolyte changes of impor- 
tance, except as regards pH and CO 2 content. No satisfactory method 
has been devised for indefinitely preventing changes of CO 2 and pH although 
sterile separated serum or plasma may be kept in the refrigerator in the 
mercury sampling bulbs described above for as much as twenty-four hours 
without change in pH or CO 2 , if bacterial contamination is avoided. 

For prevention of changes in phosphatides, respiratory gases, and perme- 
ability no effective preservative has been found. One must start analysis 
quickly after the blood is drawn, or chili it to 0°. 

PRECIPITATION AND REMOVAL OF PROTEINS OF BLOOD AND PLASMA 

Not only in the determination of non-protein nitrogen, but also in many 
other analyses, it is essential as a preliminary step to remove from bio- 
logical fluids the proteins with or without other intefering organic sub- 
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stances. The most common procedures for the elimination of protein 
involve precipitation of the protein and its removal by either centrifugation 
or filtration. Occasionally for special investigations, a protein-free solution 
of the blood crystalloids is obtained by dialysis or by pressure filtration 
through collodion, but these procedures are not often used for routine 
analyses. 

The protein precipitants which have been employed and found useful 
for certain special purposes are too numerous to mention. They are 
chiefly acids, salts of heavy metals, alcohols, and other organic compounds. 
From all these precipitants a few have survived by virtue of certain yfioper- 
ties w^hich make them either generally useful or especially adapted to spe- 
cific purposes. 

Among those which have found application in modern blood analysis are 
colloidal imi, metaphosphoric acid, picric acid, methyl and ethyl alcohol, 
trichloroacetic acid, and tungstic acid. The comparative behaviors of 
these precipitants have been studied by Hiller and Van Slyke (19). The 
colloidal iron method is tedious and complicated; picric acid is unsuitable 
for nitrogen determinations because the reagent itself contains nitrogen; 
alcohol removes some of the non-protein nitrogen, especially amino acids; 
and metaphosphoric acid deteriorates on standing. The two precipitants 
that seem to be best suited for general purposes are trichloroacetic acid 
and tungstic acid. 

Other precipitants have peculiar properties that make them u.seful for 
particular purposes. Aluminium hydroxide was found by Marshall and 
Wellcer (26) to precipitate all the proteins of blood excei)t oxyhemoglobin. 
It also removes some creatinine. Alkaline salts of xinc and niercury remove 
not only proteins, but some non-protein nitrogenous constituents, because 
among these nitrogenous compounds are found some of the non-glucose 
substances which have reducing powers that interfere with the determina- 
tion of glucose, Somogyi (32) and West, Scharles and Peterson (39) have 
employed zme and mercury precipitants in the preparation of blood filtrates 
for glucose determination. Among the non-protein nitrogenous compounds 
that are removed by Somogyi’s zinc precipitation are uric acid, glutathione, 
thioneine, and part of the creatinine (33). Urea remains in the filtrate. 
Benedict and Newton (2) have proposed the use of molybdic acid because 
it does not precipitate thioneine as tungstic acid does. Except in the 
determination of thioneine it seems to possess no advantages over Folin 
and Wu’s tungstic acid method, which has proved its reliability in an im- 
mense amount of work. 
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TRICHLOROACETIC ACID PRECIPITATION 

Trichloroacetic acid, introduced by Greenwald (16), yields a highly acid 
filtrate and is the precipitate of choice when such a filtrate is desirable in 
order to hold in solution for analysis substances, such as Ca and PO4, 
which might be removed with the protein coagulum if free acid were not 
present. The trichloroacetic acid which remains in the filtrate can, when 
desired, be removed merely by boiling, which splits it into chloroform and 
CO2 (CCI3COOH = CHCI3 + CO2), volatile products that can be com- 
pletely driven off by heat. Trichloroacetic acid, compared with tungstic, 
yields a less voluminous precipitate, and a greater yield of filtrate, which 
also filters more rapidly (19). Both filtrates yield practically identical 
results when analyzed for total non-protein nitrogen. High grade com- 
mercial trichloroacetic acid is quite satisfactory for most purposes. It can 
be purified by distillation in vacuo at a pressure of 15 to 20 mm. 

For the precipitation of blood proteins a 5 or 10 per cent solution of 
trichloroacetic acid is usually employed. One volume of blood is 
diluted to 10 volumes with the solution, into which the blood is intro- 
duced slowly with constant stirring to secure even precipitation. The 
mixture is allowed to stand for ten minutes, when the precipitate is 
removed by filtration or centrifugation. Greenwald (16) has shown 
that in this concentration trichloroacetic acid removes blood proteins 
completely without removing any of the compounds usually included 
under the term non-protein nitrogen. 

TUNGSTIC ACID PRECIPITATION BY THE METHOD OF FOLIN AND WU 

Tungstic acid, introduced by Folin and Wu (13), yields a nearly neutral 
filtrate (pH about 6), practically all the acid used being absorbed by the 
protein precipitate. Folin and Wu have devised methods by means of 
which the same tungstic acid filtrate can be employed for the determination 
of all the non-protein nitrogen constituents usually needed and sugar. 
Other authors have developed methods for the determination of still other 
constituents in the same filtrates; so that tungstic acid precipitation has 
become the most generally useful method of eliminating protein. The 
approximate neutrality of the filtrates and their freedom from heavy metals 
adapt them even to analyses which involve the action of enzymes; e.g., the 
determination of urea and fermentable carbohydrate. 

The reagents required for the Folin-Wu precipitation are 10 per cent 
solutions of sodium tungstate and 2/3 or 1/12n sulfuric acid. 

Sodium tungstate reagent. Commercial sodium tungstate (Na 2 W 04 • 2 FI 2 O) 
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varies somewhat in its reaction, but does not contain suflicient im])urities 
to interfere with its use for most purposes. It can be freed from chlorides 
by recrystallization from alcohol. 

If the 10 per cent solution of sodium tungstate is either too acid or too 
alkaline proteins will not be completely precipitated; therefore the solution 
must be titrated. If it is alkaline, not more than 0.4 cc. of 0.1 n hydro- 
chloric acid should be required to render 10 cc. of the 10 per cent tungstate 
solution neutral to phenolphthalein. If it is more alkaline than this, 
enough acid is added to neutralize it to phenolphthalein. If the tungstate 
is acid, 10 cc. of the 10 per cent solution is titrated with 0.1 n sodium hydrox- 
ide against phenolphthalein until a permanent pink color is obtained. A 
similar proportion of sodium hydroxide is then added to the remainder 
of the 10 per cent solution (10). 

A 1/12 N sulfuric acid solution. In the original description of the method 
Folin and Wu (13) advised adding to the blood 7 volumes of water, 1 of 
tungstate, and 1 of 2/3 n sulfuric acid. Subsequently Folin (11) called 
attention to the fact that if the acid were not added very slowly a certain 
amount of the non-protein nitrogen, especially some of the uric acid, was 
carried down by the precipitate. To avoid this with certainty it proved to 
be necessary to add the acid in two fractions about twenty to thirty minutes 
apart. Haden (17) showed that this difficulty could be obviated by com- 
bining the acid and water in a single solution of 1/12 n sulfuric acid. This 
change also simplifies the procedure. Values for non-protein nitrogen 
obtained by the latest Folin technique and by Haclen’s modiJj cation check 
accurately. 


Haden’ s modification of the Folin-Wu prccipUalion 

To 1 volume of blood add slowly, with stirring, 8 volumes of 1/12 n 
sulfuric acid. Then add slowly, with stirring, 1 volume of 10 per cent 
sodium tungstate solution. Mix well and, after a few minutes, re- 
move the precipitate by filtration or centrifugation. 

Van Slyke and Hawkins’ (37) modification of the Folin-Wu precipitation 

In this procedure the sodium tungstate, sulfuric acid, and water which, 
in the original Folin-Wu procedure, were added to the blood in succession, 
are all mixed in advance, so that only one solution is required. The pro- 
cedure is thereby simplified. Also, for some reason, a larger yield of filtrate 
is obtained than when the reagents are added separately. 

The disadvantage of combining the aci(| and tungstate is that the mixture 
IS unstable. A precipitate slowly forms in it, and the reagent finally be- 
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comes too weak to remove blood proteins completely. However, the com- 
bined reagent maintains its efficiency for at least two weeks and, where 
many analyses are made, the convenience of having only one solution to 
handle more than offsets the disadvantage of having to mix it once a fort- 
night. When only occasional analyses are made the Haden modification 
described above is to be preferred. 

Reagent 

One volume of 10 per cent sodium tungstate is mixed with 8 volumes of 
1/12 N sulfuric acid. The solution must be prepared fresh every 2 weeks. 
The container should be labelled with the date of preparation. 

Procedtire 

To 1 volume of blood add slowly, with shaking, 9 volumes of the 
combined reagent. The reagent may be added from a burette, or the 
blood may be placed in a volumetric flask graduated to contain 10 
times the volume of the blood sample, and diluted to the mark with 
the reagent. 

TUNGSTIC ACID PRECIPITATION OF UNLAKED BLOOD BY THE METHOD OF 

FOLIN (12) 

Cells contain non-glucose reducing substances which diminish the accu- 
racy of blood sugar methods, and also substances which affect the reagents 
used for uric acid. To obtain blood filtrates free from such interfering 
substances, without preliminary centrifugation of the cells, Folin (12) has 
devised a precipitation procedure in which sodium suffate is added to pre- 
vent laking of the cells. The latter with their non-dift’usible constituents, 
are carried down with the tungstic acid protein precipitate. The method 
in comparison with the usual Folin-Wu technique yields a larger volume of 
filtrate, which seems to be free from the cellular constituents that interfere 
with uric acid determinations, contains little undetermined nitrogen, and 
less non-fermentable reducing substances than the tungstic acid filtrate 
obtained from laked blood. 

The chief demonstrated value of the method seems to be for uric acid and 
blood sugar determinations. The method has appeared so recently that 
there has not been time to ascertain by general use whether it is advan- 
tageous for routine analysis. 

Reagents 

A solution containing 15 grams of anhydrotts sodium sulfate, or 38 grams of 
Glauber’s salt, Na 2 S 04 -I 0 HoO, and 6 grams of sodium tungstate per liter. 

A 1 /3 N solution of sidfiric acid. 
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Procedure 

To 8 volumes of sulfate-tungstate solution in a flask, add 1 volume 
of blood. Mix without rough shaking, which might damage cells, and 
allow the mixture to stand, with occasional gentle shaking for 5 minutes 
or longer. Add rather slowly, with constant gentle mixing, 1 volume of 
1/3 N sulfuric acid. Centrifuge the mixture at moderate speed for ten 
minutes. The supernatant liquid which is used for analysis should be 
colorless and clear. 

Although the cells in the precipitate at first are only shrunken, but 
not disintegrated, on standing they gradually break down. Therefore, 
the fluid must be quickly removed. Centrifugation is more satisfac- 
tory and safer for this purpose than filtration. 

benedict’s PRECIPITATION OP PROTEINS WITH TUNGSTOMOLYBDIC ACID (1a) 

This procedure completely resembles the tungstic acid precipitation of 
Folin and Wu, except that Benedict substitutes for the sodium tungstate 
Folin-Wu solution a mixture of tungstate and molybdate. Benedict has 
found that whereas tungstic acid precipitates with the proteins part of the 
ergothionine of whole blood, the tungstomolybdic precipitation leaves this 
compound entirely in the filtrate. Consequently the tungstoniolyljdic pre- 
cipitation should yield a slightly higher non-protein nitrogen content in 
the filtrate. The difference will hardly be significant for most purposes, 
however, and it remains to be seen whether the use of the tungstomolybdatc 
reagent in place of the simpler tungstate reagent of Folin and Wu will be 
justified, except in analyses in which ergothionine is of importance. The 
precipitation with tungstomolybdatc will be described here because it is 
recommended by Benedict for use with blood sugar and blood uric acid 
methods described in later chapters. There appears, nevertheless, to be 
no reason why the Folin-Wu filtrate is not equally applicable to these 
analyses. 


Reagents 

Tungstomolybdate solution. Ten grams of pure, ammonia-free molybdic 
acid are treated in a flask with 50 cc. of N sodium hydroxide solution and 
the mixture is boiled gently for four or five minutes. The mixture is then 
filtered, and the filter is washed with about 150 cc. of hot water. The total 
filtrate is cooled and mixed with a solution of 80 grams of sodium tungstate 
(Na 2 W 04 - 21100 ) dissolved in 600 cc. of water. The mixture of the two 
solutions is diluted to 1 liter. 

0.62 N sulpiric acid. Made by diluting 620 cc. of n sulfuric acid to 1 liter. 
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Procedure 

Whole blood is diluted with 7 volumes of water, and 1 volume of 
tungstomolybdate solution is added, followed by 1 cc. of 0.62 n sulfuric 
acid. 

Plasma is diluted with 8 volumes of water, and 0.5 volume of tungs- 
tomolybdate solution is added followed by 0.5 volume of 0.62 n sul- 
furic acid. 

Blood cells are diluted with 5 volumes of water, and 2 volumes each 
of tungstomolybdate solution and 0.62 n sulfuric acid are added. 

SOMOGYI’S ZINC PRECIPITATION OE PROTEINS WITH REMOVAL OE NON-GLUCOSE 
REDUCING SUBSTANCES 

Somogyi (32) has shown that under certain conditions alkaline zinc salts 
precipitate from blood not only proteins, but also some of the non-ferment- 
able substances that reduce copper or ferricyanide solutions and therefore 
interfere with the accurate determination of glucose. The Somogyi zinc 
precipitation method is described in the chapter on determination of blood 
sugar. Filtrates secured by this technique from whole blood contain about 
10 mg. per 100 cc. less non-protein nitrogen than tungstic acid or trichloro- 
acetic acid filtrates, the difference being chiefly due to the absence of 
glutathione, thioneine, uric acid, and part of the creatinine (33). 

ASHING 

Mineral analyses of stools, and sometimes of blood or urine, must be pre- 
ceded by destruction of the organic matter. The ignition must be suffl- 
ciently complete to remove all interfering organic material, but must not 
be carried out at such a high temperature that the phosphoric acid is con- 
verted into meta or pyrophosphate, or that the NaCl and KCl are volatilized. 
Two ashing procedures have proven their general utility, the wet method 
of Neumann (27a) and the dry method of Stolte (35). 

Neumann* s method of ashing with sulfuric and nitric acids 
(27a). The ashing is carried out in a Pyrex Kjeldahl flask, of 500 to 
700 cc. content for macro analyses and 50 or 100 cc. for micro ones. 
The method can be used either on dry material or on wet. 

The weighed or pipetted sample of material is placed in the Kjeldahl 
flask. For macro analyses 1 to 2 grams of dry feces may be taken, or 
5 or 10 cc. of blood. 5 to 10 cc. of a mixture of equal volumes of con- 
centrated nitric and sulfuric acids are added, and the flask is heated 
gently with a burner. As soon as the evolution of brown fumes 
diminishes more of the acid mixture is added from a dropping funnel, 
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and the heating is continued. When it appears probable that the ash- 
ing is complete, addition of the H2SO4-HNO3 mixture is stopped, and 
the heating is continued for a short time until the evolution of brown 
fumes stops. If the colorless or light yellow solution does not darken 
or give off gas when the heating is continued the ashing is complete. 
Then the mixture is cooled and a volume of water, equal to 3 times the 
volume of acid mixture used, is added. The solution is boiled 5 or 10 
minutes to drive off the nitric oxide formed by decomposition of the nitro- 
syl sulfuric acid. 

Urine may be ashed by running it in portions into 1/10 its volume of 
the HNO3-H2SO4 mixture and boiling down after each addition. 

Stolte’s dry ashing method, as applied by Tisdall and Kramer 
(3S, 36 ) . Feces. Two grams of the dried and pulverized stools (see p. 
78) are weighed into a platinum crucible. This is placed in a quartz 
or porcelain dish of somewhat larger diameter (usually a dish 10 cm. 
in diameter and 6 cm. deep is of convenient size), on the bottom of 
which are placed several pieces of porcelain. The outer dish is gradu- 
ally heated with a Meeker burner until no more fumes are given off. 
The purpose of the outer dish is to prevent loss of alkali chloride or 
change of orthophosphate by overheating the crucible. The flame is 
finally turned on at full heat, and heating is continued until the charred 
material is immobile. Then the outside dish is covered, and the heat- 
ing is continued for one and a half hours. Particles of carbon may re- 
main, but they do not interfere with subsequent analyses. The ash 
is dissolved in 10 cc. of hot O.S n hydrochloric acid and filtered into 
a 100 cc. volumetric flask. The platinum crucible is washed repeatedly 
with water, which is passed through the filter into the flask. The vol- 
ume of solution is finally made up to 100 cc. 

Urine. A measured quantity of urine (50 or 100 cc.) is evaporated 
in a platinum dish, ashed, and extracted as described above for stools. 
The extract is then made up to the original volume of the urine. 

Stolte ashing provides material which may be analyzed for sodium, 
potassium, calcium, magnesium, and total phosphorus. Some chloride 
is likely to be lost. 

In place of the Stolte arrangement of crucible in a dish, one may heat 
the crucible in an electric furnace below red heat, at about 400°C. 
(Shohl, personal communication). 

CHOICE OE WHOLE BLOOD, PLASMA, OR SERUM EOR ANALYSIS 

No blood constituents are present in the same concentration per liter in 
cells and plasma. Urea and glucose, however, to both of which human cells 
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TABLE 11 


Blood Constituents; Distribution Between Cells and Plasma; Material Used 

EOR Analysis 


BLOOD CONSTITUENT 

DISTSIBUTION 

CHOICE OF WHOLE BLOOD, SERUM, OR 
PLASMA FOR ANALYSIS 

Urea 

Concentration per unit of 
water same in cells and 
plasma 

Either blood, serum, or plasma 

Glucose 

Same as urea in human blood 

Either blood, serum, or plasma. 
Cells contain more non-^glu- 
cose reducing substances than 
plasma 

Creatinine 

Apparently same as urea 

Either blood, serum, or plasma 

Uric acid 

.■Apparently same as urea 

Plasma or serum for direct 
methods because cells con- 
tain other substances that 
react with uric acid color rea- 
gents. With silver treat- 
ment these are mostly elimi- 
nated, so that blood may be 
used with less error 

Amino acids 

More in cells 

Either blood, serum, or plasma; 
usually blood 

Creatine 

Almost entirely in cells 

Blood 

Undetermined non- 
protein N 

Chiefly in cells 

Never determined by itself 

Total base"'* ** 

1 

More per unit volume in 
plasma. More per gram 
H 2 O in cells 

Usually in serum 

Sodium'" 

Almost entirely in plasma of 
human blood 

Serum 

Potassium 

Chiefly in cells 

Usually in serum 

Calcium 

Chiefly or entirely in plasma 

Serum 

Magnesium 

? 

Serum 

Bicarbonate and 

Concentration per unit volume 

For acid-base studies preferably 

total C 02 t 

about 1.7 times as great in 
plasma as in cells 

serum or plasma; whole blood 
permissable alternative 

Chloride'" 

Concentration per unit volume 
about 2 times as great in 
plasma as in cells 

Plasma or serum 


* Appreciable deviations from values in woo occur if blood is exposed to air before 
analysis. Anaerobic handling is desirable. 

t Gross deviations from values in vivo occur if blood is exposed to air before analysis. 
Anaerobic handling is required. 
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TABLE n— Concluded 


BLOOD constituent 

DISTRIBUTION 

CnoiCK OF WIIOLK BLOOD, SERUM, OR 

plasma for analysis 

Phosphorus; Total 

Chiefly in cells 

? 

Inorganic 

? 

Usually in plasma 

Acid soluble or- 
ganic 

Chiefly in cells 

Blood 

Phospholipoids 

More in cells 

? 

Lactic acid 

? 

Blood, serum, or plasma 

Hemoglobin 

Entirely in cells 

Blood 

Oxygent 

Almost entirely in cells 

Blood 

Plasma proteins 

Entirely in plasma 

Plasma 

Lipoids 

Distribution has not been 
thoroughly studied 

Blood, scrum, or plasma 


appear freely permeable, have been found distributed in direct in-o])ortion 
to the water contents in cells and plasma (see urea and carbohydrate chap- 
ters in Volume I), and so far as analytical methods of somewhat uncertain 
absolute accuracy indicate, the same is true of creatinine and uric acid. 
The cells contain about 80 per cent as much water per unit volume as the 
plasma, and accordingly they also contain only about 80 per cent per unit 
volume as much urea and other freely diffusible non-electrolytes as does 
plasma. Of such substances the whole blood will contain about 92 per cent 
as much as plasma per unit volume. This ratio is fairly constant, and for 
the purposes of most sugar, urea, creatinine, and uric acid determinations 
one may use either whole blood or plasma or serum. In human blood, in 
fact, the non-fermentahle reducing substances in the cells are sunicient to 
make the total reducing substances determined in the cells by current blood 
sugar methods average as high as in plasma. Likewise the cells contain 
substances other than uric acid which react like the latter with Folin’s uric 
acid reagents, and may make the cells appear to contain even more uric 
acid than the plasma. In brief, while concentration values for the above 
four substances can be determined with greater accuracy in the serum and 
plasma, yet whole blood values are significant for most purposes of these 
determinations. 

In contrast to the above, most of the other blood constituents that have 
been studied have been found so unevenly distributed between cells and 
plasma that analysis of whole blood is valueless to indicate the content of 
such constituents in either cells or plasma. Variations in the proportion of 
cells in the blood may have more influence on the whole blood analysis for 
such a substance than changes in the concentration of the latter in either 
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cells or plasma. Constituents of which this is true are the hemoglobin, 
plasma proteins, and all the electrolyte ions. Where concentration changes 
are sought, as in most studies of the electrolytes and acid-base balance, 
plasma or serum is analyzed for such substances. But where the object is 
to find the amount carried in the circulation, as in the case of hemoglobin, 
the analysis may be made on the whole blood, regardless of the distribution 
between cells and plasma. 

Table 11 indicates types of determinations in which more valuable infor- 
mation can be secured by examining plasma or cells rather than whole blood. 

DETERMINATION BY HEMATOCRIT OE THE VOLUME OE CELLS IN BLOOD 

An hematocrit is essentially a graduated centrifuge tube. Hamburger 
(18) proposed the use of a conical centrifuge tube, to the lower end of which 
was sealed a graduated tube of narrow bore. A measured small amount 
of blood, diluted with a known volume of some isotonic solution, is placed 
in the tube and centrifuged at high speed until the cells, which are entirely 
in the narrow graduated portion of the tube, have been compressed to a 
minimal volume. This method has been followed by numerous observers. 

Others have recommended centrifuging blood in fine graduated capillary 
tubing. This obviates dilution and is no less exact. The tubes must 
be supported in the centrifuge in such a manner that they are whirled in 
a horizontal position and in line with the center of motion of the apparatus. 
Therefore, if they are to be swung in the ordinary centrifuge cups they must 
be supported in some manner. The special Daland hematocrit attachment 
adapted to International Instrument Company centrifuges is quite satisfactory. 

The tubes should be of such fine bore and so short that they can be filled 
by capillarity. The bore should be uniform. To test this a small amount 
of mercury is introduced and measured at different positions in the tube. 
The ends of the tube should be carefully ground, not fused. 

The total length of the tube is first measured. By measuring the length 
of the cell column after centrifuging, the per cent cell volume may be esti- 
mated. The tubes as purchased are graduated into 100 parts. In the 
authors’ experience the graduation is usually quite regular, but the total 
length of the tubes is often less than 100 units, probably because they are 
ground after they have been graduated. The regularity of the calibration 
and the length of the tubes must, therefore, be determined by measurement 
with a fine scale or accurate calipers. This can best be done by measuring 
the distances from 90 to the zero end, from 10 to 100 end and from 10 to 90. 
The actual value of calibrations within the practical range can then be 
calculated. 
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Procedure 

If the exact volume of cells per 100 cc. of circulating blood is desired, 
blood must be collected with anaerobic precautions and prevented from 
coagulating by one of the procedures which does not alter cell size (see 
section on anticoagulants, above). The addition of potassium oxalate 
to make a 0.3 per cent solution causes the cells to shrink by about 2 
per cent of their volume (7). 

The blood is introduced as rapidly as possible into the tube so that it is 
completely filled. The ends of the tube are then sealed by a heavy rub- 
ber band. The tube is placed in the centrifuge and whirled at a speed of 
2000 to 3000 r.p.m. until the cell volume has reached a minimum value. 
Usually forty-five to sixty minutes are required. The cell mass should, 
at this point be absolutely translucent, indicating that the cells are so 
closely packed that there is no refraction from the interstices. Before 
the volume is read care must be taken to ascertain that none of the 
blood has been lost from the tube during centrifugation. 

If all these precautions are observed and the tubes are properly graduated, 
reproducible values for ceU volume may be obtained with an error not usu- 
ally exceeding 1 volume per cent. 

Cell volume can also be determined by mixing blood with isotonic 
(1.6 per cent) sodium oxalate (see Hooper, Smith, Belt, and Whipple 
in chapter XXII) or sodium chloride solution (0.9 per cent, see Shock 
and Hastings in chapter XXVII) and centrifuging in a tube with a 
calibrated capillary at the bottom to measure the cells. 

DIEECT AND INDIRECT DETERMINATIONS OF CELL CONSllTUENTS 

If it is desired to ascertain the concentration of any constituent in blood 
cells two methods may be employed. 

1. The direct method, in which cells and plasma are separated by centri- 
fugation and analyzed separately. 

2. The indirect method, in which whole blood and plasma are analyzed 
separately and cell volume is determined by means of the hematocrit. 
From the cell volume and the difference between the analytical results 
yielded by whole blood and plasma, the concentration in the cells may be 
calculated. Because in this method the error in calculating any cell 
constituent is the sum of errors in both cell and plasma analyses, to which is 
added also the error in hematocrit determination, the indirect method is 
capable of less accuracy for cell constituents than the direct. 
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Direct method hy separate analysis of cells and plasma. The 
blood is centrifuged at high speed until the volume of cells no longer 
changes. This usually requires from thirty to forty-five minutes. For 
analysis as much plasma is removed from the packed cells as can be 
obtained without stirring up the latter. The last remaining drops of 
plasma and the upper layers of cells are then removed separately and 
discarded. Samples of the packed cells are then taken for analysis. 

Although it appears that thorough centrifugation can drive out all but 
a slight proportion of serum from the interstices between the cells, the 
removal can not be absolutely quantitative. Consequently even cell data 
secured by direct analysis can not be considered entirely exact. It is 
probable, however, that the effect of the adherent serum is within the 
limits of error of most analysis made on cells. 

Indirect method hy separate analysis of whole blood and 
plasma and cell volume determination. Plasma is separated from 
a portion of the blood by centrifugation. Both whole blood and plasma 
are separately analyzed. The cell volume is then determined by hema- 
tocrit. The concentrations in cells and plasma are then calculated by 
the following formulae in which Ct, Cc and Cp represent concentration in 
blood, cells, and plasma respectively, and V = volume of cells ex- 
pressed as a fraction of total blood volume : 

1. Cp and Ci are directly determined by analysis. 

^ Ct - [c; (1 - V)] 
u ^ 

An idea of the effect on Cc of errors in the tliree determinations from which Co is cal- 
culated in the indirect method, may be gained from the following example. If Cj is 
50 volumes per cent of COo, Cp is 60 volumes per cent of CO 2 , and V is 0.43, all ordinary 
normal values, one calculates by Equation 2 that Cc, the CO 2 content of the cells, is 36.8 
volumes per cent. An error of 4- 1 volume per cent in Cj, will increase the calculated Cc 
by 2.3 volumes per cent; an error of — 1 volume per cent in Cp will increase Cc 1.4 vol- 
ume per cent; an error of -f- 0.01 in V will increase Cc by O.S volume per cent. If all 
three errors should occur simultaneously they would raise the calculated Cc to 40.9 vol- 
umes per cent, or 111 per cent of its correct value. If the difference between Cs and Cp 
is less a given error in either causes a greater error in the calculated Cc Likewise as V 
departs in either direction from the value 0.50 an error of 0.01 in it causes an increasingly 
greater error in the calculated Cc. 

PRESERVATION OF URINE 

Within a short-time, urine, unless it is collected and preserved with 
precautions against contamination, undergoes changes because of the 
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action of bacteria upon the urine solutes. Chief among these changes are 
the production of ammonium carbonate from urea and other nitrogenous 
compounds, and the decomposition of sugar. If sufficient ammonium 
carbonate is produced to turn the urine alkaline, some ammonia may be 
volatilized. 

Urine voided with alkaline reaction has a considerable bicarbonate con- 
tent, sufficiently important among the total urine buffers to make the 
BHC03:H2C03 buffer influential in determining the urine reaction (see acid- 
base chapter in ‘‘Interpretations” volume). When such urine is exposed 
to air it loses CO2 and becomes still more alkaline. 

Methods employed for the preservation must depend on the purposes 
for which the urine is intended. Collection of complete specimens, even 
by catheter, without any bacterial contamination can not be accomplished 
with certainty. Subsequent additional contamination may be minimized 
by using only urinals and receptacles which have been carefully scrubbed 
and cleaned by sulfuric bichromate cleaning mixture or sterilized by boiling 
or in an autoclave. Decomposition is retarded by cold; therefore specimens 
not analyzed at once should be placed in the refrigerator as soon as possible 
after collection. Determinations of unstable constituents should be begun 
as soon as possible. 

To minimize loss of CO2 urine must be collected with the least possible 
exposure to air, by the method outlined for “Determination of Urine Bi- 
carbonate,” in Chapter VII. 

If analysis for total nitrogen is intended, it is necessary merely to keep 
the reaction strongly acid in order to fix the ammonia. This can be accom- 
plished by acidifying the fresh urine with a small amount of strong acid, 
either sulfuric or hydrochloric. 

This method of preservation is not, however, suitable if analysis for acid 
excretion or ammonia is intended. In this case the use of urinals scrupu- 
lously cleaned by the methods outlined above, rapid transfer to similarly 
cleaned stoppered receptacles which are immediately placed in the refrigera- 
tor, and analysis at the earliest possible moment must be relied upon. A 
suitable preservative may further retard decomposition. 

The preservatives most commonly employed for routine puiqooses are 
toluol, thymol, and chloroform. Of toluol enough is added to make a thin 
film over the surface of the urine. A crystal of thymol large enough to 
saturate the urine with the drug distinctly retards the growth of microor- 
ganisms. A small amount of chloroform has a similar effect, but interferes 
with certain analyses. 

Short ( 31 ) recommends chinosol as extremely satisfactory in a concentra- 



HANDLING OF FECES 


tion of I gram per liter of urine. He also finds a mixture of 2 parts by 
weight of hexamethylenamine and 1 part of acetyl-salicylic acid effective 
in a concentration of 5 grams per liter. 

COLLECTION, PRESERVATION AND TREAT&CENT OF FECES IN PREPARATION FOR 
CHEMICAL EXAMINATION 

Marking stools 

Feces formed during a definite time interval can be marked by feeding 
some material which will color them. For this purpose carmine and char- 
coal have been used. 

A 5-grain capsule of carmine is given with the first meal of a metab- 
olism period and again with the first meal after the period has ended. 
All stools after the first dose of carmine are collected and marked wdth 
the date and hour of passage. All are inspected for the red color of 
carmine and are discarded until this appears. After this time all 
stools are preserved, including the one that first contained carmine, 
until the appearance of the second carmine. The period ends with 
the last stool before the appearance of carmine from the second dose. 
Periods of two or more days are commonly used. 

Perservation of stools. It is preferable to have the stools sent 
in the original receptacles to the laboratory, where they are at once 
placed in the refrigerator. As soon as possible they should be trans- 
ferred from the pans to containers in which they may be collected and 
stored. Two-quart Pyrex glass bean pots with lids make excellent 
containers. Urine which may have been voided in the pans is poured 
off and may be treated like other urine. Toilet paper, if not greatly 
contaminated, may be removed. The solid or semi-solid matter is 
then transferred to the bean pot as completely as possible with the aid 
of a hard rubber sink scraper and the smallest possible amount of 
water. If nitrogen determinations are desired, a suitable quantity of 
strong sulfuric acid is first poured into the pot. The pot, covered, is 
kept in the refrigerator or under a hood. 

Because fecal material is solid or semi-solid and heterogeneous it 
must be subjected to some preparation that will make it possible to 
secure a representative sample. For this purpose the stool may either 
be dried or pulverized, or it may be suspended in sulfuric acid. The 
latter method is more rapid and convenient, but is accompanied by 
carbonization of organic matter, so that it can not be used in preparing 
stools for estimation of fat or other organic substances. On the other 
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hand, the sulfuric acid suspension previous to nitrogen determination 
is preferable to drying, because during drying ammonia is likely to be 
lost. 

Drying and mixing. The feces in a weighed bean pot or evaporat- 
ing dish, are dried over a steam bath under a hood. The mass should 
be stirred from time to time. When it is almost dry a small amount of 
alcohol is stirred in and the drying process repeated. In order to 
get a mass that can be pulverized it may be necessary to repeat the 
addition of alcohol and redrying. The dried feces and the container 
are weighed. The mass is then pulverized and passed through a sieve. 
The dried and thoroughly mixed powder may be placed in a stoppered 
bottle for subsec[uent analysis. 

Preparation of stool suspension in sulfuric acid. For determinations of 
nitrogen and the mineral constituents other than chloride and sulfur, the 
prolonged and repugnant process of drying and pulverizing stools can be 
avoided by suspending the fresh material in strong sulfuric acid. In this a 
charred suspension or solution is formed which is sufficiently homogeneous 
to be sampled with pipettes. 

The twenty-four hour stool is placed in a 2 liter Pyrex beaker or bean 
pot, and about 300 cc. of water are added. The mixture is stirred 
rapidly, with a mechanical stirrer, while 250 cc. of concentrated sul- 
furic acid are slowly added. The mixture becomes hot, and the or- 
ganic matter is dissolved and charred so that a homogeneous black 
suspension results. Water is cautiously added to make the volume 
about 900 cc. The mixture is cooled, transferred to a 1 liter flask and 
made up to volume, a few drops of caprylic alcohol being added to pre- 
vent foaming.^ 

Following is an alternative procedure. It does not yield a mixture suit- 
able for pipetting, but can be carried through without a mechanical stirrer, 
and without volatilizing chloride. 

The feces are transferred from the original receptacles, at the earli- 
est possible moment, to Pyrex bean pots containing enough concen- 

1 The above technique was devised by MacKay and Butler in a study, not yet pub. 
lished, of mineral metabolism in nephritis in the Hospital of the Rockefeller Institute. 

It was also used successfully in determining the nitrogen and mineral contents oi foods. 
The three meals of the day’s diet are mixed with 1000 to 1500 cc. of water and 1000 cc. of 
concentrated sulfuric acid is slowly run in with rapid mechanical stirring, which is con- 
tinued for a half-hour after the last portion of sulfuric acid has been added. 
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trated sulfuric acid to render the contents strongly acid and to digest 
partially the solid matter. The acid prevents escape of ammonia. 
At the end of the experimental period the material is diluted with 
enough water to make a fairly liquid mixture. If the pots are not 
large enough for all the stools the latter are transferred to a larger 
vessel with the aid of the water. The material is mixed thoroughly 
and then passed through a coarse wire sieve. The material retained 
by the sieve is washed and ground in the sieve. The minute residue 
which remains is ground up in a mortar with more acid and water. The 
total homogeneous, acidified watery suspension thus obtained is 
weighed. Portions may be weighed out, after the suspension has 
been well shaken, and used for analyses with which the presence of 
sulfuric acid does not interfere. 

For the Kjeldahl determination of total nitrogen it is unnecessary 
to add as much sulfuric acid as usual because of the amount which has 
already been introduced in the above procedures. 

PEEVENTION OE FOAMING 

Because of the protein and certain other organic matter which they con- 
tain, biological solutions of all kinds have a tendency, when they are agi- 
tated, to form foam at the surface which may interfere with accurate volu- 
metric measurement or lead to loss of fluid. To prevent foaming various 
neutral substances which reduce surface tension have been used. 

To remove foam from the surface of urine or blood in order to read 
a meniscus a drop or two of ether may be added just before the reading 
or before the solution is diluted to the mark. Or a wire wet with 
caprylic alcohol may be touched to the foamy fluid surface in a burette, 
flask, or pipette. 

If foaming must be prevented during continued agitation of the fluid, 
— e.g., in the aeration process of urea determination or the evacuation 
of blood in gasometric analyses — caprylic alcohol appears to be the most 
satisfactory reagent. One or two drops usually sufiice. Satisfactory 
preparations of caprylic alcohol can be secured on the market or can 
be prepared in the following marmer: 

Castor oil, mixed with an equal volume of concentrated sodium hydroxide is allowed 
to stand over night. The mixture is then distilled in an oil bath, the temperature of 
which is gradually raised to 250°. A liter of castor oil yields about 200 cc. of caprylic 
alcohol. The oil used for the bath must have a flash foint well above 250°. 

Amyl alcohol has been used as a substitute for caprylic, but is less 
satisfactory. 
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In certain circumstances — e.g., aeration in urea determinations after 
agitation of a solution has continued for a long period, foaming may com- 
mence in spite of the presence of caprylic alcohol, and the addition of a 
further amount of the anti-foam reagent may be ineffectual. In this case 
the introduction of a few drops of ethyl alcohol is usually effective. 



Fig. 8. Device to remove fluid from precipitates. A, as much supernatant fluid as 
possible is desired for analysis. B, a measured volume of the fluid is desired. The tip 
of the tube in the fluid may be drawn to a capillary and bent back in a U to prevent dis- 
turbinK the precipitate when fluid is withdrawn. 

Fiske (9) finds that isoamyl isovalerate or a mixture of equal parts of this 
substance with isoamyl alcohol are especially useful to prevent foaming. 
Mitchell and Eckstein (27) recommend phenyl ether. 

REMOVAL on SUPERNATANT ELUIDS FROM PRECIPITATES AFTER 
CENTRIFUGATION 

It is frequently necessary, as in the separation of serum or plasma, to 
remove supernatant fluid from centrifuged precipitates without decantation. 
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It is desirable in such cases to make the separation as completely and cleanly 
as possible without risk of disturbing the precipitate. For this purpose 
several expedients are employed. 

One of the best of these, involving the use of mercury sampling bulbs 
has already been described on page 55. It is adapted particularly to the 
anaerobic removal and preservation of serum and plasma. 

For the removal of serum from centrifuged cells a pipette with a long 
rubber tube interposed between it and the mouth may be used. This per- 
mits the technician to observe the position of the tip of the pipette through- 
out the procedure. By compression of the tubing he can check the flow 
when he desires. Provided heavy walled tubing is used, the method serves 
for rough purposes, but does not permit the most complete separation 
because of the tendency for small amounts of fluid to run back when the 
tubing is compressed. 

A better procedure is illustrated in figure 8, A. It utilizes a tube 
which is large enough to hold all the supernatant fluid and is equipped 
with a two-holed rubber stopper. Through one hole passes a fine- 
bore, heavy-walled bent glass tube with its free end drawn to a slender 
capillary. Through the other hole passes a shorter glass tube with a 
rubber suction tube attached. With the capillary point in the super- 
natant fluid, suction is exerted. Under visual control the point may be 
moved around as desired to collect the fluid without disturbing the 
precipitate. When the fluid has been removed as completely as pos- 
sible the tip is withdrawn without interrupting suction, so that there is 
no back flow and all the fluid in the glass capillary is drawn into the 
collecting tube. If a small amount of precipitate is inadvertently 
drawn into the capillary, suction may be discontinued, whereupon the 
fluid remaining in the capillary returns to the original tube, washing the 
precipitate back with it. 

By a device similar to that illustrated in figure 64, chapter IX, less com- 
plete removal of the supernatant fluid can be effected without risk of disturb- 
ing the precipitate. The capillary tube with tip curved upwards is inserted 
into the liquid as far as is possible without disturbing the precipitate. 
The fluid can then be blown or sucked out through the capillary without 
contamination' by the precipitate. 

To remove a measured portion of supernatant fluid a pipette fitted 
firmly into a cork or rubber stopper may be used. With the stopper resting 
on or in the top of the tube, the tip of the pipette is inserted through the 
stopper to the proper distance beneath the fluid (see figure 8, B). If the 
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stopper is fitted into the neck of the container the stopper should have a 
perforation to admit air as the fluid is withdrawn, 
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CHAPTER III 
Analyses of Gas Mixtures 

DISCUSSION 

Interpretation of gas analyses 

The composition of a gas mixture is ordinarily expressed in terms of the 
volume of each gas present in 100 volumes of the dry mixture. This volume 
is termed the volume per cent, or simply the per cent, of each gas. 

When a gas mixture is analyzed in the ordinary way, by successive re- 
moval of the constituent gases and estimation of each from the shrinkage in 
gas volume, the per cent of any gas calculated directly from the observed 
volume represents the proportion of that gas in the total mixture of dry 
gases, even when the analysis is performed, as usual, on a gas mixture 
saturated with water vapor. In the analysis of moist air by the Haldane 
method, for example, each volume measurement, before or after absorption 
of any gas, is made at the same partial pressure of the dry gases. This 
pressure is, B — W {B — barometric pressure, W = vapor tension of water). 
The effect of the vapor tension, W, is therefore merely to lower the pressure 
for all volume readings by a constant amount, and thereby to increase all 
volume readings by a constant proportion over what they would lie for the 
dry gases. When a certain amount of gas is removed, as when O 2 is ab- 
sorbed, a proportional amount of water vapor condenses with it. Conse- 
quently when gases are determined moist each makes up the same proportion 
of the total mixture as when they are measured dry. The results of a gas 
analysis are therefore independent of temperature, barometric pressure, and 
wet or dry state of the gas, so long as all of these factors are constant. 

Gas samples and sampling 

The process of sampling consists of drawing a gas sample from a spirom- 
eter or other source into a sample container. The container must be so 
formed that transfer of gas to it from the original container, and from it to 
the gas analysis apparatus, can be performed conveniently and without ad- 
mixture of significant amounts of atmospheric air. 

The sample container must have for connection, first with the source of 
gas and later with the gas analysis apparatus,* a capillary outlet tube pro- 
vided with a three-way cock. This cock makes it possible, after the con- 
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tainer is connected with the gas analysis apparatus, to displace the air in 
the connecting capillary with either mercury from the apparatus or gas from 
the container. The container must also be provided with a leveling bulb 
or other device by means of which gas withdrawn in successive samples can 
be replaced by mercury, water, or other fluid. Gas containers which answer 
these requirements are shown in figures 9; 10, 1, 1; 10, II; and 11. 



Fig. 9. Temporary container for gas samples. The aspirator bottles are of 250 or 500 
cc. capacity. The liquid used is calcium chloride solution of 1.40 specific gravity in which 
COo is only yV as soluble as in water. Expired air can be kept over the solution in this 
container for three or four hours without change in CO 2 content, but not for longer unless 
the container has previously contained expired air so that the calcium chloride solution is 
partially saturated wdth it. Mixtures of O 2 , N 2 , and CO without CO 2 can be kept for 
several days. 

It is essential that the fluid used to displace withdrawn gas be one in 
which none of the gases in the mixture to be analyzed shall be soluble. 
Mercury is the perfect fluid in this respect. Its weight and cost, however, 
make it desirable to use water or salt solutions when possible. Water can 
usually be used as fluid in contact with gas mixtures containing O 2 , N 2 , and 
CO, which are not very soluble, if the contact is not prolonged more than 
a working day. Carbon dioxide, however, is so soluble in water that contact 
of respired air with water can not be permitted for even a brief time without 
significant absorption of CO 2 . If, however, the water is nearly saturated 
with calcium chloride, and slightly acidified, the solubility coefficient of this 
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gas at room, temperature is lowered from about 1.0 to 0.06.'^ .In the con- 
tainer shown in figure 9 respired air in contact with such a solution, even 
freshly prepared and free of CO 2 , does not change in CO 2 content enough to 
affect an ordinary Haldane analysis within three or four hours. In a longer 
time, however, measurable absorption of CO 2 by the calcium chloride solu- 
tion occurs, unless the solution has previously been allowed to stand in 
contact with respired air (unpublished notes of the authors). The con- 
tainer in figure 9 has proved useful for holding samples of respired air from 
Tissot spirometers in work where the analyses were made within the same 
day the samples were obtained. 

In general, mercury is the displacement fluid to be relied upon for all 
gases and for indefinite periods of time, and one is justified in using other 
fluids only when one has satisfied oneself that they introduce no inaccuracies 
under the particular conditions employed. 

Before sampling, the sample container, including as a rule the connecting 
capillary, is filled with fluid (usually mercury), and is then connected with 
the source of gas. The care with which atmospheric air must be excluded 
from the connections depends somewhat upon the amount of gas available. 
If there are many liters, as in the case of gas from a Tissot spirometer, a 
fraction of a cubic centimeter of air in the tubes connecting container and 
sampler is of no consequence. Gas drawn into the sampling tube can be 
passed back and forth to the container, so that the effect of a little air in the 
connecting tube is diluted into insignificance. Or some gas from the con- 
tainer can be wasted through the three-way cock of the sampler, to wash air 
out of the connections. However, when only a small excess of gas is present, 
as may occur in collection of Haldane alveolar air samjolcs, such dilution or 
washing out of the connecting tubes may not be practicable. In this case 
the connecting tube attached to the sampler, and also the tap of the vessel 
from which the gas is taken, must be filled with mercury, to the complete 
exclusion of air. 

Gas Analyses with the Haldane Apraratus 

THE APPARATUS 

The Haldane gas analysis apparatus in its original form (6) or modifica- 
tions (3, 8, 11, 14) thereof is now in practically universal use for exact air 

^ Carbon dioxide has at room temperature the approximate solubility coefficients in 
different fluids; water, O. 9 O 5 ammonium sulfate solution, 0.22; saturated NaCl solution, 
0.24; saturated CaCb of 1.44 specific gravity, 0'.07; CaCh solution of 1.40 specific gravity, 
0.08; glycerol, 0.31. Most organic solvents other than glycerol dissolve more CO 2 than 
does water. Calcium chloride solution of 1.40 specific gravity consists of approximately 
40 grams CaCb ■+• 60 grams H 2 O, or 80 grams CaCh ■ 6 H 2 O plus 20 grams H 2 O. 
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analysis. Modifications especially precise are those of Carpenter (3, 4) 
and Krogh (11), in which air can be analyzed for O 2 and CO 2 with errors less 
than 0.01 volume per cent. Such apparatus requires skillful handling in 
order to yield the precision of which it is capable. In most laboratories one 
finds either the Haldane model (fig. 10, I) which takes 10 cc. samples and 
yields results accurate to about 0,03 volume per cent, or modifications which 
differ only in details of convenience. 

Figure 10, 1, represents schematically the Haldane gas analysis apparatus 
equipped for the determination of oxygen and carbon dioxide. Figure 10, 
III, represents a modification of this apparatus which has only one cock, of 
the four- way type designed by Y. Henderson (8), and has jointless all-glass 
connections between the gas burette and the absorbing tubes for O 2 and CO 2 . 
This modification offers an important advantage in that the possibility of 
leaks is reduced to a single place, the one cock. It is the form used by the 
authors. 

In Newcomer’s (14) modification the entire apparatus, absorption tubes 
as well as gas burette, is enclosed in one large flat water bath, so that all 
parts are at one temperature. This is theoretically an advantage, but 
whether it actually yields more exact results than the types shown in figure 
10 appears to be not yet shown. 

The apparatus in all its modifications consists essentially of a gas burette, 
3, fitted with a stop-cock, a, through which the gas may be admitted to the 
burette and passed into the absorbing chambers, of which there are two. 
One of these, 6, contains potassium hydroxide to absorb CO 2 ; the other, P, 
contains pyrogallol to absorb O 2 . The burette is enclosed in a water-jacket, 
5, which also contains a stirrer, 2, and a thermobarometer, 4. 

The stirrer consists of a small glass-tube with its lower end closed by a 
rubber cap in which a slit acts as a Bunsen valve. By means of an atomizer 
bulb or connection with a compressed air system air is bubbled through the 
water rapidly enough to stir it efficiently, without splashing. 

The thermobarometer consists of an uncalibrated tube similar in size and 
shape to the gas burette and connected by a side arm, 7, with the potassium 
hydroxide reservoir. This device eliminates the necessity of correcting for 
changes in temperature or pressure during an analysis. Before each reading 
of the burette the levels of fluid in the burette connection. A, and in 
the thermobarometer connection, B, are adjusted to the same marks, so that 
the volume of gas in the thermobarometer remains always the same, regard- 
less of changes in temperature and barometric pressure which may occur 
during an analysis. The gas in the burette is thereby put under pressure 
which maintains its volume likewise constant, except for changes due to 
removal of CO 2 and O 2 . 
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The capillaries between the burette and absorbers are made of thick- 
walled glass tubing of 1.5 to 2.0 mm. bore. This is sufficiently wide to 
allow free passage of gas or fluid, and not wide enough to create an undesir- 
ably great dead space unprotected by the water jacket. 

The carbon dioxide absorber consists of a simple reservoir bulb, 6, filled with 
KOH solution, connected by the side arm, 7, with the thermobarometer and, 
by an outlet below, with a long-stemmed thistle tube, 8, through which 
fluid can be introduced or withdrawn, and by which the level of fluid in the 
reservoir may be controlled. The stem of the thistle tube is usually sup- 
ported by a spring clip that allows it to be set at any desired level. 

Because pyrogallol absorbs oxygen slowly the pyrogallol reservoir, 9, 
is so constructed as to expose a large surface of fluid to contact with the gas. 
This is effected in the usual Haldane apparatus by the introduction of a 
number of fine glass tubes. There is a tendency, when the pyrogallol be- 
comes old and thick or develops a precipitate, for these tubes to become ob- 
structed so that bubbles of air become imprisoned in them. When this 
occurs the absorber must be cleaned out and fresh pyrogallol introduced. 
In order to protect the pyrogallol from contact with air, strong alkali, which 
may be covered with a layer of mineral oil, is kept in the tubes marked 10 m 
diagram I, of the original Haldane. In the modified apparatus, figure 10, 
III, the pyrogallol is protected from air only by a layer of paraffin oil directly 
on the pyrogallol in tube 10. 

A convenient innovation, also illustrated in figure 10, III, is the introduc- 
tion of a leveling bulb attached to the lower end of the thermobarometer 
tube. The lower end of the thermobarometer here contains mercury cov- 
ered by a short column of water. The latter insures saturation of the con- 
tents of the tube with water vapor. Mercury is allowed to enter the tube to 
a level somewhat above the rubber connection, effectually sealing the latter. 
The rubber connecting tube is kept closed during a determination by means 

Fig. 10. Diagrammatic representation of the Haldane air analysis apparatus and vari- 
ous modifications. For general description see text. 

I. Original Haldane apparatus assembled for use (43). 

II. Bailey gas sampling tube (3). 

III. An adaptation of Y, Henderson’s (49) modification of the Haldane apparatus. 

IV. Automatic mixing device to be run by motor. 

V. Combustion chamber for use with Haldane apparatus in determination of hydrogen 
and other combustible gases. For description see “Determination of hydrogen” on page 
100 . 

VI. Automatic wind-shield wiper used as mixing device. 

VII. Arrangement of leveling bulbs and stop-cock to permit rapid and accurate control 
of mercury level in burette of Haldane apparatus. 
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of a screw clamp or stop-cock, 15. The thermobarometer may be set 
before a determination by opening the screw clamp, 15, and adjusting the 
height of the leveling bulb, 13. Screw clamp 16 is always partially open 
to be used in fine adjustment, as discussed below. 

Mechanical devices of all kinds have been suggested to replace tedious 
raising and lowering by hand of the leveling bulb during the absorption of 
oxygen. Of these one is illustrated in figure 10, VI. An automatic wind 
shield cleaner, activated by air suction or compression, can be used to serve 
two Haldane machines at the same time. The length of thrust can be 
regulated by adjusting the attachment of the string at the proper distance 
from the center of rotation of the movable arm of the cleaner. On a large 
scale, a battery of Haldane apparatuses can be served by a s'ingle motor 
running a shaft on which are attached at proper intervals eccentric wheels 
like that illustrated in figure 10, IV, each supporting a hinged rod to the end 
of which a leveling bulb may be attached. Whatever mechanical device is 
employed must transmit an even motion to the leveling bulb with not more 
than twenty, and preferably fewer, oscillations per minute. 

Y ox finer adjustment of the level of mercury in the burette the leveling bulb 
of the original Haldane apparatus was hung from a rack and pinion device. 
Satisfactory control can be secured, however, by merely attaching a counter- 
weight to a cord which supports the leveling bulb and passes over a hook 
which supplies enough frictional resistance to prevent the string from slip- 
ping so long as the counterweight approximately balances the bulb. Such 
a device is illustrated in figure 10, I. 

Although not indispensible, cock 17 and clamp 18 (fig. 10, III) are 
of decided assistance in the finer adjustment. By means of the leveling 
bulb, 11, the mercury in the burette is brought to such a level that the 
KOH or pyrogallol is at approximately the level A or C. Glass cock 17 is 
then closed, and screw clamp 18, which is routinely left partly open, is 
screwed together or apart until the adjustment is exact. Clamp 16 is 
similarly used on the thermobarometer to bring the KOH to the level .B. 

Another convenient method of adjustment is shown in figure 10, VII. 
Two leveling bulbs are connected with the burette by means of a three-way 
stop-cock. One of these. A, is left permanently attached to the automatic 
mixing device. For the other, B, two hooks are provided: 1, high enough 
to drive mercury into either the burette or the other bulb, A; 2, low enough 
so that mercury will run into it from either the burette or bulb A . When it 
is desired to drive the gas into and from an absorber, bulb B is set in posi- 
tion 1 and the desired quantity of mercury is admitted from it to the burette. 
The stop-cock is then turned to connect the burette with bulb A and the 
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automatic mixer is started. When the residual gas is to be measured the 
stop-cock is turned to allow mercury to run into B, which has been set in 
position 2. From time to time it is necessary to adjust the volume of mer- 
cury in A by exchange between A and B. The one disadvantage of this 
system is that the mercury tends to become more rapidly soiled b}’' grease 
from the stop-cock. 

For hibrication of stop-cocks vaseline or a mixture of vaseline and lanoline 
is quite satisfactory except in hot weather, when a combination of rubber 
stop-cock grease (see p. 47) and vaseline is more satisfactory. The stop- 
cocks should be lubricated with a minimum of grease, none of which should 
be allowed to lodge in the bores. They must turn without resistance and 
should not be subjected to pressure when they are used (see lubrication of 
stop-cocks, p. 47). 

All rubber tubing used for connections should be of pure gum, and with 
sufficiently heavy walls to prevent kinks. It must be sulfur-free, especially 
the tubing that comes in contact with the alkali, which might acquire oxygen 
absorbing power if it dissolved sulfur. The tubing in contact with the alkali 
solution is cleaned and then soaked three or four times, for an hour each 
time, in alkali of the same concentration with which it is to be used. 

Calibration of the Haldane burette 

The burette of the Haldane apparatus has a volume of approximately 
10 cc., of which the bulb and the uncalibrated portion above the bulb hold a 
little less than 7 cc., while the lower, calibrated portion holds the remaining 
3 cc. This lower portion is graduated in scale divisions of 0.01 cc., running 
completely around the tube and sufficiently far part to permit reading by 
interpolation to 0.001 cc. The exact volume of the burette is of no impor- 
tance; it is important that each scale division of the graduated portion equal 
0.001 of the total volume. The burette must be calibrated so accurately that 
the corrections are determined with an error not exceeding ±0.0001 of the 
volume, or 0.001 cc. To insure such accuracy it is necessary to calibrate the 
burette with mercury instead of water. The burette is used wet, and a film 
of moisture on the walls should therefore be present when the apparatus 
is calibrated.^ The meniscus read is the top of the mercury; there may be 
a little visible water about the edge of the mercury meniscus, but not more. 

The burette of the original type of Haldane apparatus (fig. 10, I) is cali- 
brated with inclusion of the volume occupied by the bore of the stop-cock, since 
the air trapped in the bore is passed with the air from the rest of the burette 


® See section on calibration with mercury in the preceding chapter. 
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into the KOH and pyrogallol tubes in the analysis. In the Henderson type 
of apparatus (fig. 10, III), on the contrary that part of the gas sample which 
is trapped in the intake bore of the four-way cock remains there throughout 
the analysis. Consequently in calibrating a burette with the Henderson cock 
the bore of the cock is not included. 

The burette when purchased is usually provided, for use in calibration, 
with a calibrating stop-cock, sealed on to the lower end.^’ Below the cock is 
a capillary tip drawn to a fine, smooth point to deliver drops of mercury not 
exceeding 0.005 cc. (0.07 gram) in size. 

The burette is scrupulously cleaned with warm bichromate-sulfuric 
acid cleaning mixture, and rinsed with distilled water.^ The burette 
is set up for calibration in clamps in a rigid, vertical position, with care to 
avoid bending strain. The cock at the top is turned to connect the inte- 
rior of the burette with the outer air. By suction from the top a little 
water is drawn into the calibrating tip below. The latter is then im- 
mersed in clean mercury, which with the aid of a pump is drawn by suc- 
tion slowly up into the burette, under control by the lower stop-cock. 
As the mercury rises a layer of water collects on its surface. Suction is 
continued until this water and a little mercury have been drawn over into 
the suction tube. If the mercury has been drawn up slowly, the water 
film adherent to the walls will be just the. right amount. The greater 
part of the mercury is now permitted to flow out from the lower cock, 
and is again slowly drawn up into the burette, and a little into the suction 
tube, as before. By these two fillings with mercury all the water is dis- 
placed from the burette, except the slight film which remains permanently. 

When burette, upper stop-cock, and glass capillary above the cock, are 
completely filled with mercury, the calibrating cock at the bottom of the 
burette is closed, and the suction tube above is disconnected. Mercury 
is run out from the calibrating cock until the meniscus in the upper capil- 
lary has sunk to the top of the stop-cock, in the original Haldane appara- 
tus (fig. 10, 1). If the burette has a Henderson cock (fig. 10, III), it is 
turned to admit air from one of the side tubes before the delivery of 
mercury for weighing is begun. 

3 It is not satisfactory to use a stop-cock attached to the burette by rubber tubing be- 
cause the tubing expands as the height of the mercury in the burette increases. Even 
binding the tubing with tape or wire does not entirely eliminate this source of error. 

^ Alcohol and ether may be used as grease solvents in the burette at this time. Because 
of their volatile nature they must not be introduced into the apparatus after it has been 
assembled for use. Alcohol and ether vapors are eliminated from the assembled apparatus 
with difficulty and seriously affect gas analysis. 
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Mercury is now delivered into a weighing bottle until the meniscus 
falls to the 7 cc. mark. A reading to 0.001 cc. is made and the mercury 
weighed. Further readings and weighings are made at 0.1 cc. inter- 
vals until the 10 cc. mark is reached. The results are checked by re- 
peating the process. 

A correction curve is then prepared. In the preparation of this curve 
it is not necessary to calculate absolute volumes ; one may more simply 
use proportions of the total volume. For example, if the mercury held 
in the burette to the 10 cc. mark is 135.7 grams and that to the 7 cc. mark 

94.5 

is 94.5, then the capacity at the 7 cc. mark is X 10 = 6.964 tenths 

of the total capacity. The correction to be applied is, therefore, 6.964 — 
7.000 = —0.036 cc. In this case the unit used as a “cc.” is one-tenth 
the total capacity of the burette, and is exactly the standard cubic centi- 
meter only if the burette at the 10 cc. mark contains exactly 10 cc. 

Assembling the apparatus 

Original Haldane Type, The original Haldane apparatus illus- 
trated in figure 10, 1, is usually sold in a portable case. For laboratory 
use, however, most workers prefer a permanent set up, which can be im- 
provised by any ingenious technician to suit his convenience. All glass 
parts are carefully aligned and fixed in position without strain, but 
sufiiciently rigid to prevent motion in joints. To minimize dead space, 
motion, and leaks, all connections are made “glass to glass,” with the 
least possible space between the opposed ends of glass tubing. The 
rubber connecting tubes should not be bound with wire. Wire is not as 
effective for this purpose as rubber bands. No binding at all is necessary 
if a fine grade of tubing without traces of bloom is used. If the pe- 
ripheries of the glass tubes near the ends are covered with a small amount 
of rubber-containing stop-cock grease (p. 47) before the rubber con- 
necting tube is applied, the latter will become sealed to the glass so fast 
that the likelihood of a leak will be minimol. 

Before the apparatus is assembled, about 2 cc. of water are drawn 
up into the thermobarometer tube (fig. 10, 1, 4). 

After all glass parts, scrupulously cleaned, have been set in position, 
stop-cocks h, c and d (fig. 10, 1) are removed and the pyrogallol and hy- 
droxide are introduced into their respective reservoirs. The potassium 
hydroxide for CO 2 absorption is slowly run in through the thistle-tube, 
5, until the reservoir, 6, is half full. All air bubbles are expelled from 
the connecting tubes by alternately raising and lowering the thistle tube. 
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When this has been accomplished more alkali is slowly added until, with 
the thistle tube elevated, the fluid level stands in about the middle of the 
stem of the thistle tube and rises in the capillary tubes to the level of the 
etched marks, A and B. Stop-cocks b and d are now replaced in 
position. 

Potassium hydroxide is run into 10 (fig. 10, 1) until the bulb nearer 
the oxygen absorber is two-thirds full, when a small amount of mineral 
oil is added. Finally pyrogallol is introduced through 12, very slowly 
until it reaches the level of the etched mark, C. Care must be taken 
that no bubbles of air are imprisoned in any of the small glass tubes 
in the absorber. Stop-cock c is now placed in position. 

Stop-cock a is removed, and it and the adjoining connections are 
cleaned, then a is replaced. The leveling bulb, JI, and its rubber 
tubing are attached to the burette and bound on with rubber bands (no 
grease should be used in making these connections) . Clean mercury is 
introduced by way of the leveling bulb, which is alternately raised and 
lowered to drive all air from the tubing. The mercury is permitted 
finally to rise in the burette to the opening in stop-cock a, when the 
leveling bulb should be about one-third full. A few drops of water 
slightly acidulated with sulfuric acid are drawn into the burette through 
stop-cock a. The mercury in the burette is lowered so that the water 
moistens the walls; then the mercury is slowly raised and the excess 
water is ejected through the upper cock, on to a piece of filter paper. 
There should, as during calibration, be just enough water left in the 
burette to make a visible ring about the mercury surface when the latter 
is near the 10 cc. mark. 

Henderson type. The setting up of the Henderson modification of 
the Haldane apparatus in figure 10, II, is similar, but is simpler, because 
there is only one glass cock and no rubber connections between the gas 
burette and the KOH and pyrogallol tubes. 

The filling of the thermobarometer is quite different in the Henderson 
type, where the thermobarometer has a leveling bulb of its own (fig. 10, 
III, 13). Water is placed in this leveling bulb, and about 3 cc. are run 
into the thermobarometer (fig. 10, III, 4) . The KOH bulb is then filled. 
Then water is withdrawn from the thermobarometer into its leveling 
bulb until the KOH solution in the connecting capillary rises to the 
mark B. Thereupon the connection with the leveling bulb is closed 
with the clamp on the rubber tube. 
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Setting the apparatus 

Elimination of oxygen and carbon dioxide from the apparatus is a 
necessary preliminary to its use. It is effected by drawing air into the 
gas burette, and running it back and forth alternately to the KOH and 
pyrogallol tubes, as in analysis of gas mixtures, until all the O 2 and CO 2 
in the burette and connecting tubes have been absorbed, and only nitro- 
gen remains in the apparatus. 

After the gas in the apparatus has been rid of oxygen and carbon 
dioxide, the pyrogallol is adjusted to the mark C, figure 10, 1, or 10, III, 
by altering the level of mercury in the burette by means of leveling 
bulb //, with stop-cocks so set that the burette communicates with the 
pyrogallol, but is excluded from the hydroxide. The burette is then 
connected with the bulb of potassium hydroxide, 6. By alternately 
altering the levels of leveling bulb 11 and thistle-tube 8 the hydroxide is 
brought to the marks A and E . At this point the hydroxide should stand 
at about the middle of the stem of the thistle tube. This gives maxi- 
mum flexibility in the adjustment of the thermobarometer against tem- 
perature changes. Alkali is put into or removed from the thistle tube 
by means of a pipette with drawn out tip until the proper amount of fluid 
is present. If the thermobarometer is equipped with a leveling bulb, as 
in figure 10, III, this is used to bring the alkali to a convenient level. 
The burette is finally reconnected with the oxygen absorber. If the 
pyrogallolmeniscus moves much from C the process of setting is repeated 
until the pressures in the potassium hydroxide and the pyrogallol are 
as nearly as possible the same, so that, on connecting the burette alter- 
nately with hydroxide and pyrogallol, the fluid levels shift least from 
the marks A, B and C. 

The same end can be attained in the original Haldane apparatus by 
making a first setting with stop-cock h open to burette, hydroxide, and 
pyrogallol, and bringing the fluid levels as nearly as possible to the three 
marks A, E and C at the same time by adjusting leveling bulb 11 and 
thistle tube 8 (or the thermobarometer leveling bulb) ; but this can not 
be done with the Henderson cock. 

ANALYSIS OE RESPIRATORY AIR EOR CO2, O2, AND No 
Reagents 

Potassium hydroxide, 10 per cent, for the absorption of carbon dioxide. 
The solution should be entirely clear. If a precipitate is present the solution 
should be filtered through asbestos or discarded, because the particles might 
block the capillaries of the apparatus. 
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Stirring. The fluid in the bath is thoroughly stirred by bubbling air 
through it. This is a necessary preliminary to each setting or reading of 
the apparatus. Stirring must not be so vigorous that fluid is splashed 
on to the tubing above the water. Such fluid would cool the tubing by 
evaporation. 

Setting the apparatus and measuring the sample. The 
burette is now connected with the hydroxide reservoir and the apparatus 
is rapidly set as before, so that the hydroxide levels are at the niarks 
A and B when burette and hydroxide are in communication. (The 
pyrogallol level should not have deviated from C during the introduction 
of the sample.) After a burette reading has been taken the water bath is 
again stirred, and the reading is repeated, with the burette and hydroxide 
bulb still connected and the hydroxide levels at A and B. This is again 
repeated if necessary to obtain a constant reading, but reasonable speed 
is necessary to complete the setting before CO2 diffuses into the hydrox- 
ide. If such diffusion begins successive settings will yield steadily 
decreasing readings, and the analysis must be abandoned. 

A bsorp tion of CO 2 . The gas burette is left connected with the KOH 
tube, and by raising and lowering the leveling bulb the gas is driven 
about 5 times to and from the hydroxide solution. The apparatus is 
then reset, the water bath is stirred, and the burette reading is recorded. 

In order to make sure that all CO2 has been absorbed the gas is driven 
twice more into the hydroxide and another reading is made. This proc- 
ess is repeated until two successive readings do not differ. 

Or the gas may be driven back and forth mechanically for whatever 
length of time is found to ensure complete absorption of CO 2. 

Each time the top of the falling mercury column reaches the narrower 
lower portion of the bulb and enters the contracted graduated tube its 
rate of descent becomes greatly accelerated. If care is not exercised at 
this point the mercury may fall so rapidly that it overshoots the mark, 
drawing alkali into the connecting capillary. In this case the analysis 
must be discarded and- the apparatus must be cleaned in the manner 
described below before it can be used again. 

Absorption of oxygen. After CO2 absorption is finished the burette 
is coimected with the pyrogallol tube, and the gas is driven repeatedly 
into the latter as it was into the hydroxide. However, absorption of O2 
proceeds much more slowly than absorption of CO2. If the gas is driven 
back and forth by hand, it is worth while to let it remain several seconds 
in the pyrogallol tube each time before it is returned to the burette. 
At least 10 exchanges are necessary to remove even the major portion 
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of the oxygen. It is in the oxygen absorption that automatic devices 
for raising and lowering the mercury bulb are most welcome. If such a 
device is used the mercury is allowed to rise into the bplb of the burette 
before the leveling bulb is attached to the automatic elevator. The 
latter must be so regulated that the motions of the mercury meniscus 
in the burette are confined entirely to the wider upper portion of the 
burette; otherwise either mercury or pyrogallol may be driven into 
stop-cocks and connecting tubes. When most of the oxygen has been 
absorbed the mixer is stopped and the leveling bulb lowered until the 
pyrogallol rises approximately to mark C. The number of passages re- 
quired by hand, or the number of minutes with a mechanical mixer, in 
order to attain complete absorption of oxygen is ascertained by trial. 
Even more care must be taken in lowering the leveling bulb after 
absorption of oxygen than after the absorption of carbon dioxide because 
of the smaller amount of gas which now remains. The residual gas is 
now passed two or three times into the hydroxide to rmse out oxygen 
remaining in the connecting tube A. The hydroxide is brought back 
approximately to the mark A and the gas is again driven repeatedly into 
the pyrogallol as before. The pyrogallol is now brought exactly to the C 
mark, the apparatus is then set in the usual manner with burette and 
hydroxide bulb connected and a reading taken. After this the gas is 
again passed several times into the pyrogallol. The apparatus is set 
and another reading taken. This process is repeated until two succes- 
sive readings agree. 


Calculation 


100 (Rj, ^COn) 
Rj, 


= per cent of COj 


100 (Rqq^ Rq„) 

R^ 


per cent of O2 


100 % 

— - — ~ per cent of N2 

Rx = initial reading of burette, made when it contains the total gas 
sample. 

RcOi = reading after CO2 has been absorbed. 
jRoj = reading after O2 has been absorbed. 

In analyses of respired air duplicate CO2 determinations should differ by 
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not more than 0.03 per cent, O 2 determinations by not more than 0.04 per 
cent. 


DETERMINATION OP HYDROGEN 

Of the clinical procedures described in this volume, only the lung volume 
method of Van Slyke and Binger (p. 226) requires determination of hydro- 
gen. In this method a mixture containing H 2 and N 2 in more or less nearly 
equal proportions is analyzed. The determination of hydrogen will accord- 
ingly be described for application to such a mixture. 

The pyrogallol tube in the Haldane apparatus is replaced by a tube of 
similar size, figure 10, V, but closed at the bottom by a paraffined cork, se- 
curely wired on. If the tube is to be used with the original type of Haldane 
apparatus (fig. 10, 1), a three-way cock is sealed on at the top, as in the case 
of the pyrogallol tube 9 of figure 10, I. With the Henderson type of Hal- 
dane apparatus tube P, III, of figure 10 can be converted into a combustion 
tube by removing the pyrogallol and fine tubes, and corking it at the bottom. 
The cork is pierced by 3 glass tubes. One connects with a mercury leveling 
bulb. The other two carry heavy sealed-in platinum wires, connected 
within the bulb by a spiral of about three turns of thin (26 or 28 gauge) 
platinum wire. A current of about 4 volts, obtained from two or three dry 
cells, is used to heat this wire to redness during the analysis. To economize 
in platinum the tubes into which the wires are sealed can be curved at the 
bottom, as shown in figure 10, V, and can be filled with mercury before the 
cork is inserted; or, instead of mercury, the tubes can be filled with molten 
Wood’s metal into which copper wires are sealed. This device, introduced 
by Dr. J. Sendroy, is the most convenient (see fig. 13, p. 131) . The mercury 
or Wood’s metal serves to make a connection between the battery wires and 
the platinum ones, so that the latter need only be long enough to reach 
through the walls of the tubes. 

If hydrogen forms more than 9 per cent of a gas mixture containing also 
enough oxygen to combine with' the hydrogen, the mixture is explosive. 
Consequently it is essential, in order to secure a quiet combustion, to have 
less than 9 per cent of hydrogen present. Mixtures containing more hydro- 
gen are diluted with oxygen or air before analysis. 

For the analysis of such hydrogen-nitrogen mixtures as are encountered in 
the lung volume determination the gas to be analyzed is diluted with 5 to 8 
volumes of air. For this purpose about 8 cc. of air and then about 1.5 cc. of 
the N 2 — H 2 mixture are measured into the Haldane burette in the following 
manner: Air is first admitted, and then the sample container shown in 
figure 10, I, i, is attached to the burette. A small mercury leveling bulb 
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is attached to the outlet of the three-way cock of the container, and from it 
the connecting tubes leading to the burette are filled with mercury. In the 
case of apparatus I the bore of the burette cock itself is not filled with 
mercury, but in the case of apparatus III the bore of the cock is so filled. 
The volume of air in the burette is then read after setting the apparatus. 
Then the desired volume of the hydrogen-containing gas is admitted from 
the sample container, and measured by the increase in the volume in the 
burette. If CO 2 is present in the gas it is first removed by passing the gas 
back and forth into the KOH bulb, and the burette is again set and read. 


TABLE 12 

Behavior of Gases on Combustion 


GAS 

CONCENTRA- 
TION OF GAS 
IN AIR 

REQUIRED TO 
FORM 

EXPLOSIVE 
MIXTURE AT 
ATMOSPHERIC 
PRESSURE* 

COMBUSTION 

Reaction 

Shrink- 
age in 
gas vol- 
ume on 
combus- 
tion 

CO 2 

formed 




vols. per 

wh. per 


per cent 


1 wl. of 

1 vol. of 




the gas 

the gas 

Hydrogen 

9.0 

2 Ha -b Oo = 2 H2O 

1.5 

0 

Carbon monoxide. . . 

16.0 

2 CO -f- O2 = 2 CO2 

0.5 

1.0 

Methane 

6.0 

CHi + 2 O2 = 2 HoO + CO2 

2.0 

1.0 

Ethylene 

4.0 

C2H4 -b 3 O2 = 2 H2O -b 2 CO2 

2.0 

2.0 

Acetylene 

3.0 

2 C2H2 + 5 O2 = 2 H2O -b 4 CO2 

1.5 

2.0 

Benzene 

2.5 

2 CeHo -b 15 O2 = 6 H.O -b 12 CO2 

2.5 

6.0 

Water gas 

12.0 




Coal gas 

8.0 





* According to Haldane (6) . 


The greater part of the gas is then driven over into the combustion cham- 
ber, and the platinum wire is heated. The gas is moved back and forth 
over this wire a number of times until. all the hydrogen is burned. The 
combustion tube is permitted to cool and the gas is returned to the 
burette and measured. It is then passed to and from the KOH bulb, to 
mix with hydrogen left in the capillaries leading to that bulb, and the com- 
bustion is repeated. This process is repeated until no further shrinkage in 
gas volume occurs. 

Calculation 

Since in the reaction, 2 H 2 -f O 2 = 2 H 2 O, the shrinkage in gas volume is 
3/2 of the hydrogen volume, the shrinkage observed in the analysis is multi- 
plied by 2/3 to give the hydrogen. 
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2/3 volume decrease by combustion 
Volume per cent H, = 100 X ^ume of sample 

Since the sample constitutes only about 1/6 of the gas, the error of analysis 
is about ±0,1 volume per cent, compared with 0.02 to 0.03 in the CO 2 and 
O 2 determinations in expired air. 

GASES OTHfTR THAN HYDROGEN BY COMBUSTION 

A number of gases besides hydrogen can be determined by combustion 
carried out in connection with either the Haldane or the manometric appara- 
tus. The carbon containing gases can be identified by the relationships 
between the volume of the gas, the shrinkage on combustion, and the 
amount of CO 2 formed, which is readily determined in the burned gas. 
Table 12 shows these relationships, and the minimum proportion of each 
gas in air which is stated by Haldane (6) to produce a mixture that is explos- 
ive at atmospheric pressure. 

PRECAUTIONS IN USE OP HALDANE APPARATUS 

The chief difficulties encountered in the use of the lialdane apparatus 
are; 1, keeping the burette clean; 2, preventing mercury or absorbing rea- 
gents from entering connections or stop-cocks; 3, imprisonment of bubbles 
in absorbers; 4, leaks; 5, partial obstruction of connecting tubes and 
stop-cocks; 6, lack of enough water in the burette. 

Keeping the burette clean. If the burette is not scrupulously clean accurate 
analyses are impossible. No visible particles nor droplets of mercury or 
water should adhere to its walls when the mercury column is lowered. The 
chief cause of a soiled burette is dirty mercury, and the factors mainly 
responsible for contamination of mercury are dust from the air and contact 
with dirty rubber tubing, with grease, or with amalgamating metals. To 
keep the burette clean mercury used in the apparatus should be free from 
amalgam and scrupulously clean before it is introduced (see “cleaning 
mercury,” p. 45). To guard the mercury against access of dust it is well to 
stopper each leveling bulb with a loose plug of cotton or with a rubber 
stopper with a curved glass tube (fig. 10, I, 1). This tube must be large 
enough to permit unimpeded access of air, and the bloom must be carefully 
removed from the stopper by scrubbing. Only the highest grade rubber 
tubing prepared as directed on page 48 should be used for the leveling bulb 
connection: it should be attached without grease or copper wires, and made 
fast with the aid of rubber bands. Mercury should never be passed un- 
necessarily through the gas burette’s stop-cock, which should be lubricated 
with a minimal amount of grease. 
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Cleaning the burette. Even if all these precautions are observed 
the burette 'will still need cleaning from time to time. If its con- 
dition is not too bad it can be washed by introducing through the top, 
by means of a funnel and a short rubber connection, a mixture of equal 
parts of concentrated nitric acid and water. This is permitted to stand 
in the burette for thirty minutes. It is then expelled. The burette is 
rinsed repeatedly with distilled water and finally with water slightly 
acidulated by the addition of a few drops of sulfuric acid. Of the last all 
is expelled except the slight amount necessary to wet the walls of the 
burette. Stop-cock a is then removed and it and its connections are 
thoroughly cleaned with the aid of a pipe cleaner. It is then regreased 
and reinserted. 

If this treatment is not sufficient the leveling bulb must be discon- 
nected and fresh bichromate-sulfuric solution drawn up into the burette 
by suction exerted through a rubber tube connected to the top. When 
the burette is filled the rubber tube is closed with a screw clamp. The 
solution may be allowed to stand in the burette for some hours. (It is 
safer during this period to remove stop-cocks h and c, figure 10, I). 
The cleaning solution is then rinsed out of the burette repeatedly with 
distilled water and finally with slightly acidulated water. Stop-cock a 
and its connections are cleaned in the usual manner. It may at times 
be necessary to clean also the rubber tubing by the method prescribed 
for the preparation of new tubing (see p. 48). 

If mercury is driven through the stop-cock into the connecting tubes to the 
absorbers, mercury droplets are likely to lodge in the capillaries and exert a 
valve-like action. This results in the production of differences of pressure 
on the two sides of the droplet and makes accurate check readings impossible. 

If alkali or pyrogallol is sucked back into the burette, or if alkali is drawn 
even so far as half-way through the connecting capillary towards the burette, 
an experience which no operator will always escape, the burette and its con- 
nections must be washed with a mixture of 1 n sulfuric acid. Stop-cocks 
through which the alkali has passed must be removed, washed, and regreased. 

The washing can usually be effected without renewing the absorbent solu- 
tions. In the original Haldane apparatus (figure 10, 1) the burette is filled 
with acid, plug 14, at the end of the manifold tube is removed, and cocks 
b and c are set as in figure 10, I. The manifold tube and stop-cocks are 
rinsed with 1 n sulfuric acid from the burette. Stop-cocks b and c are then 
removed, and they as well as the adjoining parts of tubes A and C are cleaned 
with acid and water with the aid of a pipe cleaner. By the same means 
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CO 2 and 20.93 ± 0.02 volumes per cent of O 2 (3, 4, 6). In New York in 
■winter, when immense amounts of coal are being burned, the CO 2 may rise 
to 0.10 per cent and the O 2 sink to 20.85-20.90, but in less densely built-up 
places constancy of composition of the outdoor air may be assumed. 

Gas Analyses with the Manometric Apparatus 

APP-ARATUS AND TECHNIQUE OE MEASUREMENTS 

The manometric apparatus described in detail in chapter VII was de- 
signed by Van Slyke and Neill (25) primarily for determination of gases in 
blood. The apparatus, however, has proven to be equally convenient for 
analyses of respiratory air and other gas mixtures, and in the technique of 
its handling is for some analyses simpler than the Haldane apparatus. In 
accuracy for analysis of the CO 2 and O 2 in respiratory air it equals the usual 
10 cc, form of the Haldane apparatus, the error being in the neighborhood of 
0.02 to 0.04 per cent. For air with small amounts of CO 2 or CO the mano- 
metric apparatus permits the use of a technique which gives results to 
nearly 0.0001 per cent of an atmosphere, a sensitiveness not attainable 
with the Haldane apparatus. It is convenient to have both apparatuses 
available. The Haldane is slightly more rapid in analyses of respired air. 
When a manometric apparatus is at hand, however, it is possible with it 
alone to carry out all the gas analyses required in ordinary physiological or 
clinical studies. 

Whereas in the Haldane apparatus amounts of gas are measured by the 
volumes which they occupy at barometric pressure, in the manometric 
apparatus the gas is brought to an arbitrarily chosen convenient volume and 
the amount is determined by the pressure which it exerts on a manometer. 
With the usual Haldane apparatus one can not measure amounts of gas 
filling less than 70 per cent of the burette. With the manometric apparatus 
amounts can be measured which at atmospheric pressure would cover the 
volume range from 0.1 cc. to 35 cc. Even the 0.1 cc. portion can be meas- 
ured with an accuracy of 1 part in 300 while the 35-cc. portion can be meas- 
ured to nearly 1 in 5000. One can, therefore analyze samples of a greatly 
varying range of size in a single manometric apparatus. 

Apparatus 

The manometric apparatus and the general technique for handling it are 
described on pages 267 to 282 in chapter VII. We shall in this chapter de- 
scribe only the particular manipulations required for analyses of gas mix- 
tures. If the analyst is not already fanoiliar with the apparatus he should 
read the above pages. For gas analysis the apparatus, if made before 1931, 
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may require modification by extending the scale of the manometer down- 
wards a few centimeters, as described below. 

Extension of manometer scale for low po readings. The zero readings with 
the mercury in the chamber at the 50 cc. mark fall in the low part of the 
manometer tube opposite the bottom of the chamber. Most of the mano- 
meters made before 1931 have scales which fail by 10 or 20 mm. to extend so 
low, since none of the methods used prior to this time involved zero readings 
with more than 2 cc. of gas space in the chamber. It is, however, not diffi- 
cult to improvise an extension of the scale to make possible zero readings at 
the lower point. On transparent paper a ladder of parallel lines 1 mm. apart 
is made with black India ink. Each line is made long enough to extend half 
way around the manometer tube, except that every fifth line is made a little 
longer to facilitate counting the distances. The strip of paper with the 
lines is cut of sufficient width to extend two- thirds of the way around the 
manometer tube. It is then pasted onto the tube in such a way that the 
open third is towards the observer’s eye, and the uppermost mark on the 
paper covers the zero mark on the glass scale. If such a scale extension is 
used, a convenient way to employ it in connection with the scale already 
present is to add 100 mm. to each reading made on the latter, and consider 
the zero point to be the point on the extrapolated scale 100 mm. lower than 
the original zero of the glass scale. 

Technique of manometer readings 

Before every manometer reading in these gas analyses the mercury 
meniscus in the chamber is lowered below either the 2 or the 50 cc. 
mark, and is then brought slowly up to the mark by admitting mercury 
from the leveling bulb while the latter rests level with the bottom of the 
chamber. While the mercury in the chamber is rising to the mark it is 
observed with a magnifying glass (a good reading glass serves well), 
and the cock from the leveling bulb is closed just as the top of the 
curved mercury meniscus reaches the mark. With practice one can 
bring the mercury in the chamber thus to the same level with a con- 
stancy Of 0.05 mm. It is essential that the mercury surface should 
always be brought to the mark in the same manner from below upwards, 
and never from above downwards, because the manometer readings 
obtained after these two different approaches differ, slightly but measur- 
ably. After the mercury is on the mark in the chamber the reading on 
the manometer is taken. If there is any doubt concerning the accuracy 
of the placing of the mercury meniscus in the chamber the mercury is 
lowered and brought to the mark again, and the reading is repeated. 



108 


GAS ANALYSES WITH MANOMETRIC APPARATUS 


In such duplicate observations the readings on the manometer (also 
with the help of a lens) should differ by not more than 0.1 mm. 

Temperature control and corrections 

Temperature control The manometric apparatus is used under 
conditions to minimize temperature changes during the short time 
required for an analysis. If the temperature registered by the ther- 
mometer in the water jacket of the chamber of the apparatus differs 
from that registered by a thermometer in the air of the room at the 
same level, the water jacket is warmed or cooled by wrapping it for 
a minute or longer in a towel wet with hot or cold water. The chamber 
is then shaken and the temperature on its thermometer noted. It is 
desirable to bring it within 0.2 or 0.3° of the room temperature. Dur- 
ing an analysis the room temperature is kept as constant as possible. 

Correction for temperature change during an analysis. A 
gas analysis is usually performed by measuring the pressure, P s, of 
the sample, removing one gas by absorption or combustion, and then 
measuring the pressure, Pr, of the residual gas. The 2 manometer 
readings by which -^5 is measured are taken so quickly after one 
another that there is seldom a significant temperature change between 
them, and likewise the 2 readings by which Pr is determined. During 
the operations between the Ps and P r measurements, however, the 
temperature, read on the thermometer in the water jacket of the 
manometric chamber, may change by over 0.1°. In such a case the 
observed Pr is corrected by multiplying it by the factor T ^/T where 
Ts and Tr represent the absolute temperatures (centigrade + 273°) 
of the gas chamber at the times of the Ps and Pr measurements, 
respectively. The P r thus corrected is the pressure the residual gas 
would exert at the temperature of the P s measurement. 

Admission of sample estimated by volume 

For most gas analyses one takes a sample sufficient to give 450 to 550 
mm. pressure at either 2 or 50 cc. volume, according to whether a micro 
or macro analysis is to be done.® Such a sample can be measured with 
sufficient accuracy as a rule by the following procedure. 

The manometric chamber is washed as described on page 236 if 

® For special purposes a manometric chamber, calibrated for volumes such as 10 or 20 
cc., instead of the 0.5 and 2.0 cc. calibrations of the standard Van Slyke-Neill appara- 
tus, may be desirable. For the gas analyses described in this chapter, however, the 
standard chamber, used also for determination of gases extracted from blood and other 
solutions, has been found adequate.. 
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necessary to free it from interfering solutions used in preceding analyses. 
Then all the water present is removed except the invisible film adherent 
to the walls. To remove excess water the mercury in the chamber is 
lowered to the bottom, and then is permitted to rise slowly to the top. 
The water which collects on the surface is expelled, and about 2 cc. of 



Fig. 11. Admission of gas sample from modified Hempel pipette to chamber of mano- 
metric apparatus. The Hempel pipette, provided with three-way stop-cock; serves for 
storage of gases or of liquids out of contact with air. In the case of gases the upper bulb 
is filled with fluid, as above. When air-free solutions are to be stored mercury takes the 
place of water and the solution takes the place of the gas in the illustration. The bulbs 
are each of about SO cc. capacity; the capillary has a bore of 1.0 ± 0.1 mm. When the 
pipette is standing with stored gas or solution a little mercury is admitted into the capillary 
leading to the lower bulb to seal the 3-way cock and prevent leakage around it. From Van 
Slyke and Hiller (24). 
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mercury are driven up into the cup above the chamber. The chamber is 
then evacuated and the mercury lowered to the 50 cc. mark. If more 
water then collects on the mercury surface than will form a slight ring 
about the edge, the above procedure is repeated to finish the removal of 
the water. The repetition will not be necessary unless during the first 
removal the mercury was allowed at some point to rise too rapidly to 
permit the water to detach itself completely from the glass walls ahead 
of the ascending mercury. 

The zero reading of the apparatus po, with the chamber free of gas 
and visible water, is now taken, as described above under “Technique of 
manometer readings,” with the mercury meniscus at either the 2 or the 
SO-cc. mark, whichever is to be used in the analysis. 

To admit the gas sample the tip of the capillary from the sample con- 
tainer is inserted into the mercury in the cup of the chamber, as shown in 
figure 1 1 . Either the container there shown may be used, or containers 
of the type shown in figures 9 or 10, 1. The connecting capillary should 
be narrowed at the tip, which is fitted with a rubber ring as shown in 
figure 11. Such a ring is made by cutting a section about 10 mm. long 
from a soft rubber tube of about 1 mm. bore with walls 2 mm. thick. 
The bottom of the ring is beveled slightly by grinding on an emery wheel 
or with sandpaper, so that it will fit the curvature of the bottom of the cup 
when pressed into the latter as shown in figure 11. 

The manometric leveling bulb is first placed in the ring above the 
chamber (see fig. 37; the manometric leveling bulb is not shown in 
figure 11), and mercury is forced up through the connecting capillary 
and three-way cock of the sample container, displacing the air in its 
capillary, as shown in figure 11. During this operation the capillary is 
pressed into the bottom of the cup with one hand, so that the rubber ring 
makes a tight seal under the mercury, while the cocks are turned with 
the other hand. 

The leveling bulb of the manometric apparatus is then placed in the 
medium position (see fig. 37, p. 272) about level with the bottom of the 
manometric chamber, and the cock connecting chamber and bulb is left 
open, so that the contents of the chamber are under slight negative 
pressure. Gas from the sample container is then admitted to the cham- 
ber until the volume is approximately either 1.5 or 35 cc., according to 
whether a micro or macro analysis is to be done. The volume can, with 
slight practice, be estimated with suflicient accuracy by the height of the 
mercury surface above the 2 or the 50-cc. mark. The amount of gas 
should be enough to give between 450 and 550 mm. pressure at the 2 or 
50 cc. volume used for the analysis. 



MAIn'OMETRIC 'TECHNIOtrE 


111 


The gas sample can be similarly admitted from any other form of con- 
tainer provided with a three-way cock. The form of container shown 
in figure 9, made of two 500-cc. bottles, is convenient for respired air, of 
which it is desirable to use 35-cc. samples. During admission of a sam- 
ple the container is hung from a hook beside the gas apparatus. 

Admission of sample estimated hy pressure 

Sometimes it is desirable to take a smaller sample than one which will give 
about 500 mm. of pressure. This may be the case, for example, when air is 
subsequently to be admitted to burn hydrogen in the gas sample. When- 
ever it is desirable to set the size of the sample at an intermediate amount 
the following procedure can be used. It can also be used for measuring the 
usual samples if one has difficulty in admitting the desired amounts 
with approximate precision by the technique outlined above. 

The apparatus is prepared and the po reading taken as above de- 
scribed. The sample container is then permitted to hang in position, 
with its cock closed and the tip of its capillary outlet immersed in the 
mercury of the cup of the chamber, while the mercury in the chamber is 
lowered till it is about 10 mm. above the 50 cc. mark. The cock be- 
tween leveling bulb and chamber is then closed, and the leveling bulb 
is rested in the medium position, level with the bottom of the evacuated 
chamber. The tip of the capillary from the sample container is then 
pressed into the bottom of the cup, and the cock of the container is 
turned to connect container and chamber. Then the cock at the top of 
the chamber is carefully opened just long enough to admit enough gas 
to depress the mercury level in the chamber a little below the 50-cc. 
mark. The mercury in the manometer rises 20 to 40 mm. The cock 
leading to the manometric leveling bulb is now opened to admit enough 
mercury to the chamber to make the meniscus rise again about 10 mm. 
above the 50-cc. mark; then enough gas is again let in to force the 
mercury a little below the mark. This is repeated one, two, or three 
times, until the mercury in the manometer has risen to about the desired 
final level. During this procedure the tube of the sample container is 
held in position with the left hand, while with the right hand one alter- 
nately opens the cock at the top of the chamber to admit gas, then the 
cock from the leveling bulb to admit mercury. The procedure is in fact 
simple, and the admission of the entire sample by alternate turns of the 
two cocks requires less than a minute. Before the last admission of gas, 
the amount of mercury admitted is regulated from previous experience 
so that the subsequent admission of enough gas to press the mercury 
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down to the mark will raise the mercury column in the manometer to the 
desired height; e.g. the amount of mercury admitted before the last 
portion of gas may need to be only enough to raise the meniscus 5 mm., 
instead of 10 or 15, above the 50 cc. mark in the chamber. 

Measurement of satnple by pressure 

After the sample has been admitted by either of the above procedures, 
the sample container is removed and the bore of the cock at the top of the 
chamber is filled with mercury from the cup (this cock is gas tight only 
when both bores are filled with mercury). The mercury meniscus 
is then lowered below either the 2 cc. or the 50-cc. mark, and is brought 
back to the mark as above directed. The manometer reading pi is 
then taken, and the temperature of the chamber is read on the thermom- 
eter in the water jacket. The size of the gas sample is indicated by 
the pressure P5, which the gas exerts at the chosen volume, either 2 or 
So cc. 

= Pi - Po 

The volume of the gas sample, reduced to 0°, 760 mm., may be calculated from Ps and 
the temperature according to Equation 1 on page 124. However, the results of most 
analyses with this apparatus are calculated directly from the pressure measurements, so 
that calculation of volumes is unnecessary. The method for determining minute concen- 
trations of COo in air (p. 125) is an exception. 

DETERMINATION OP OXYGEN AND CARBON DIOXIDE BY SIMPLE ABSORPTION. 

VAN SLYKE AND SENDROY (26) 

The method here described is more rapid, but less exact, than those out- 
lined later for manometric determination of CO 2 and O 2 in respiratory air. 
All the gas pressures are read with the mercury in the chamber at the 50-cc, 
mark. As in the Haldane analysis, the determination is accomplished by 
absorption of CO 2 and O 2 , and the residual gas is determined as N 2 . (It is 
of course a mixture of N 2 and about 1 per cent of argon, but in air analyses 
is conventionally reported as nitrogen.) ■ 

The relative accuracies of the method to be described and of the Haldane 
method may be indicated as follows. In the Haldane analysis the smallest 
division on the graduated scale of the burette measures 0.01 cc. or 1/1000 
of the total volume, and the error to which the method is liable is that corre- 
sponding to an error of 0.2 or 0.3 of a scale division, or 0.02 to 0.03 per cent 
of the total gas. In the manometric analysis a scale division of 1 mm. on 
the manometer corresponds to 1/500 of the total gas sample, and an error of 
0.2 to 0.3 of a scale division in the determination of any of the 3 gases involves 
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an error of 0.04 to 0.06 volume per cent, or twice that of the Haldane 
analysis. An occasional analysis may show an error of 0. 10 volume per cent, 
but when duplicates are performed a practiced analyst can make certain of 
his result within 0.05 volume per cent. 

The method here described is most simple in execution, and is sufficiently 
exact for many purposes, such as determination of the CO 2 in alveolar air for 
measurement of the CO 2 tension, and determination of O 2 in respiratory gas 
from a Tissot spirometer when the object is to determine oxygen consump- 
tion within 1 or 2 per cent, without precise estimation of the respiratory 
quotient. 

Wfiien more accurate manometric results are needed, CO 2 and O 2 , are 
determined by the methods later described in which the precision is in- 
creased, by isolation of the CO 2 from other gases, and by combustion of 
the 02- 

Reagents 

1 N sodium hydroxide. 

Thirty per cent sodium hyposulfite in 4 n potassium hydroxide. Fifteen 
grams of the hyposulfite, Na2S204, are stirred up with 50 cc. of 4 n potassium 
hydroxide solution and filtered quickly through cotton into a 100 cc. flask 
containing enough paraffin oil to make a layer 1 or 2 cm. thick. 

Neither of the above solutions needs to be freed of air for this analysis, 
since the solutions are to be shaken with the air sample at but little less than 
atmospheric pressure. 

The anthraquinone beta-sulfonate catalyst is left out of the hyposulfite 
solution, because the intensely red color of the catalyst prevents reading the 
mercury meniscus when the solution is in the chamber. The analysis could 
be accomplished in 1 minute less time with the sulfonate catalyst present, 
but it appears usually to be preferable to use the water-clear solution of 
hyposulfite without the catalyst. 

Measurement of sample 

The sample of 30 to 35 cc. is admitted into the apparatus as described 
above on p. 108 and Ps is measured as described onp. 112 for “Meas- 
urement of sample by pressure.” 

Ps ^ Pi ~ Pr 
Absorption of CO 2 

One cubic centimeter of 1 n sodium hydroxide is measured accurately 
into the chamber from a stop-cock pipette in the manner shown in figure 
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52, page 344. The pipette bears a rubber ring on its tip, like the end of 
the capillary of the gas container in figure 11, and as in that figure the tip 
is pressed into the cup of the manometric chamber underneath a layer 
of mercury. During the admission of the alkali the manometric leveling 
bulb is at the medium level, with the mercury surface in the bulb at 
about the height of the 50-cc. mark on the chamber. The cock between 
leveling bulb and chamber is left open, so that the contents of the cham- 
ber are under slight negative pressure, and the chamber is about one- 
third full of mercury. After the alkali is admitted the chamber is 
shaken for two minutes so that the alkali will absorb the CO 2 from the 
gas sample. On account of the weight of mercury in the chamber the 
shaking is somewhat slower than in most analyses with this apparatus. 
During the shaking the cock between the chamber and its leveling bulb 
is left open. The 10 or 15 cc. of mercury in the chamber and the alkali 
solution over the mercury are thrown about the chamber in such a way 
that thorough contact between gas and liquid is obtained, and CO 2 
absorption is completed in two minutes. It is usually in fact finished in 
the first minute. 

After absorption is finished the manometer reading pi is taken with 
the meniscus of the mercury (not of the water solution) at the 50-cc. 
mark. 


Absorption of oxygen with hyposulfite 

After the pi reading has been taken the cock between the leveling 
bulb and the chamber is opened and 3.00 cc. of hyposulfite solution, 
accurately measured from a calibrated stop-cock pipette, are run into 
the chamber in the same manner in which the 1 cc. of sodium hydroxide 
was added. The absorption of oxygen is accomplished by shaking the 
chamber in the same manner as for CO 2 absorption, except that for 
oxygen three minutes instead of two are taken. 

After the absorption is completed the meniscus of the mercury is 
brought to the 50-cc. mark and ps is read. 

The gas is then ejected from the top of the chamber without loss of any 
of the solution (for technique for such ejection see page 279 of chapter 
Vn), and pi is read with the 4 cc. of solution, but with no gas, in the 
chamber. The analysis is now complete. 

Calculation 

All quantities of gas measured are calculated in terms of the pressure ex- 
erted with the gas at 50 cc. volume and at the temperature of the Ps meas- 
urement. The sample is calculated as ; 
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Po 

The pressure of O 2 + N 2 is measured at 49 cc. volume. To calculate 
it for 50 cc. volume therefore it is necessary to multiply the observed pressure 
by 49/50, or 0.98. 

The significance of the c correction will be discussed below. 

The pressure of the CO 2 is calculated by subtracting the pressure of the 
O 2 + N 2 from that of the total sample. 

^co, = Ps " -^ 0 = + 

The pressure of the N 2 at 46 cc. volume is measured as ps ~ pi. At 50 cc. 
therefore one calculates: 


Pn . = 0-92 - ^4) 

The oxygen is calculated by subtracting the N 2 from the O 2 + N 2 
Poi == Poi + Va “ Pm 

The final results are calculated from the above data as follows. 

100 

Per cent CO2 = — •' 

Ps 

100 

Per cent O2 = — - — ■' 

Ps 

100 Pm 

Per cent N2 = — 

Ps 

Remarks on the calculation 

As shown above, one must multiply the observed O 2 + N 2 and N 2 pres- 
sures by 0.98 and 0.92 respectively in order to calculate the pressures at 50-cc. 
volume from those at 49 and 46 cc. In practice the simplest way to make 
this calculation is to subtract 0.02 and 0.08 of their values from the observed 
pressures, p 2 — [^0 + c] and p 3 — pi. 

Example of calculation. Data from an analysis of laboratory air. c = 
1.4 mm. for the chamber used. 
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pi = 551.4 mm. 

P2 == 

561.8 mm. 

Pa = 88.0 

A T 

89.4 

= 463.4 

Pn V at 49 cc. = 

472.4 


0.02 of same = 

9.4 


Pr, V at 50 cc. = 

463.0 


pz = 

487.0 mm. 


pi = 

89.0 


at 46 cc. = 

398.0 


0.08 of same = 

31.8 


P^__ at 50 cc. = 

366.2 


463.4 - 463.0 


Per cent COo = 

100 X 7^; 

= 0.09 


463.4 



Per cent Oo 


= 100 


X 


463.0 - 366.2 
463.4 


20.89 


Per cent Na 


100 


366.2 
^ 463.4 


= 79.02 


Determining the c correction 

After the CO 2 has been absorbed the pressure exerted by the residual 
O 2 + N 2 at 49-cc. volume would be inexactly calculated as pi — po. The 
zero manometer reading without any gas present is, on account of the 1 cc. 
of NaOH solution present, slightly higher than the po observed at the begin- 
ning of the analysis with neither gas nor solution in the chamber. The 
weight of the short column of water in the chamber presses on the mercury 
there and in consequence raises the height of the mercury column in the 
manometer tube required to hold the meniscus in the chamber at the 50-cc. 
mark. The c correction required for this effect varies somewhat with the 
shape of the bottom of the chamber and the consequent height of the 
column of 1 cc. of solution. It is, however, usually in the neighborhood of 
1.5 mm. 

The correction is determined as follows. The point is determined, 
with the chamber free of both gas and visible amounts of water, as 
described on page 107. Then 1 cc. of 1 n sodium hydroxide is admitted, 
as described for absorption of CO 2 , the chamber is evacuated till the 
mercury falls to the 50-cc. mark, and the air is extracted from the solu- 
tion by shaking the latter one minute. The extracted small bubble of 
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gas is ejected from the top of the chamber without loss of solution, as 
described on page 279. The chamber is again evacuated and the mer- 
cury meniscus is brought to the 50 cc. mark. The manometer is again 
read. The difference between the two readings is the c correction. 
To determine c within 0.1 mm. one makes several check readings of 
and also several of p„-\-c with the 1 cc. of solution in the chamber. 
Once determined, the c correction serves for all analyses in which the 
same chamber is used. 

Corrections for temperature changes 

It is desirable to avoid temperature changes in the water jacket of the 
apparatus during an analysis. Changes exceeding 0.1° can usually be 
avoided by the precautions outlined on page 108. 

The temperature is observed on the thermometer in the water jacket, 
and if changes do occur the following corrections are applied. If the tem- 
perature h at the p 2 reading differs by more than 0.1° from the temperature 
^0 at the pa reading, the corrected formula given below is used for cal- 
culating Poa-t-Na- In this formula the term 1.3 (^o — to) is introduced 
to correct for the effect of vapor pressure change caused by temperature 
change between the pa and p 2 readings. The factor Ta/Ta corrects for 
changes in pressure of the gases other than the water vapor. 

If the temperature at the pz reading differs from that at the pa reading, 
the corrected formula below for calculating P^a is used. 

Ta, and Tz represent absolute temperature (= temperature centi- 
grade -f- 273°) observed in the apparatus at the pa, p 2 , and pz readings, 
respectively. 

The pi reading is taken so quickly after the pa, and the pi after the pz, that 
there is practically no opportunity for changes in temperature between the 
pa and pi or between the pz and Pi readings. 

T 

Corrected Pq^ 0.98 (pz -f 1.3 [k — iz[ — [pa -(- c]) X ^ 


Corrected P^^ = 0.92 (pi — pi) X 


Ta 


Necessity for accuracy in measurement of volumes of alkali and hyposulfite 

solutions added 

The accuracy with which the volumes 49 and 46 cc. are defined, at which 
the pressures of residual gases are measured after absorption of CO 2 and O 2 
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respectively, is determined by the accuracy with which the 1 and 3-cc. por- 
tions of alkali and hyposulfite solution are measured into the chamber. 
An error of 0.01 cc. in the measurement of either solution would cause an 
error of 1 part in 5000 in the volume of gas space in the chamber at which 
the pressure is measured. With calibrated stop-cock pipettes, however, 
it is simple to make the deliveries of solution into the chamber with errors 
less than 0.01 cc. 

Similar accuracy in the calibration of the exact total gas volume held 
above the 50-cc. mark is not necessary. Any error in this calibration 
will have so nearly a proportional effect on pressure measurements at 46 
cc., that an error of 0.1 cc. in the 50-cc. calibration is required to affect 
oxygen results by 1 part in 5,000. 

NITROGEN IN AIR, OR AS IMPURITY IN O2 OR CO2 GAS 

In some cases, as in the lung volume determinations by the nitrogen 
dilution method described in chapter VI, the nitrogen content of the air is 
the only figure desired. In this case the analysis is simplified by ab- 
sorbing the CO2 and O2 together by the alkaline hyposulfite. 

The sample is measured as in the preceding analysis. 

Ps = Pi - Pz 

Then 3 cc. of the hyposulfite solution are introduced into the chamber, 
as above described, and the O2 and CO2 are absorbed together by three 
minutes shaking. Reading P2. is taken with the mercury meniscus at the 
50 -cc. mark. The gases are then ejected without loss of solution and 
reading Ps is taken. 

All readings being taken with the mercury meniscus in the chamber 
at the 50 cc. mark, the calculations resemble those of the preceding 
analysis. 


■PiV, = 0.94 (P2 — Pz) 


Per cent Wo = 100 X 


Nz 


Per cent CO 2 -t- O 2 = 100 — per cent Wo. 

In case one wishes to determine traces ofN2 as impurity in CO2 or 
O2 the unabsorbed N2 is measured by its pressure at 2 or O.S-cc. volume. 
In such analyses it is desirable to use gas-free hyposulfite solution. 
Ps is measured as above described. Then the O2 and CO2 are ab" 
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sorbed with air-free hyposulfite, and Po is read with the unabsorbed gas 
at either 2 or 0.5 cc. volume. The gas is then ejected without loss of 
solution (for technique see p. 279 in chapter VII) , and p 3 is read, with the 
chamber free of gas and the solution meniscus at the same mark as for 
the p 2 reading. 


Pn, = P2 - Pz 


a P 

Per cent No = 100 X ^ X — — ^ 

A 

a = the small volume, 0.5 or 2 cc., at which is measured, and A is 
the total chamber volume, 50 cc. in the usual chamber, at which Ps is 
measured. For chambers of the ordinary dimensions, with .4 = 50 cc. 
and a = 0.5 or 2 cc., the calculation simplifies to the following. 


Per cent Na = 



when a = 


0.5 cc. or 


Per cent Na = 



when a = 2 cc. 


CARBON DIOXIDE IN RESPIRATORY AIR BY THE ISOLATION METHOD. 

VAN SLYKE, SENDROY AND LIU (29) 

Principle, The CO 2 is first isolated from other gases by its absorption 
with alkali solution in the chamber of the manometric apparatus. The 
other gases are then ejected, the absorbed CO 2 is set free by acid, and is 
determined as in blood analyses. By this procedure the CO 2 in any desired 
volume of gas can be absorbed, and then set free and determined by the 
pressure it exerts at 2 or 0.5 cc. volume. The CO 2 content of atmospheric air 
has thus been determined to 0.0001 volume per cent, or 0.003 the amount 
of CO 2 ordinarily present in the atmosphere. Such precision with apparatus 
modeled on the usual principles of gas analysis can be obtained only with 
elaborate precautions. The method also serves for determination of CO 2 
in samples of expired or alveolar air, where the CO 2 content runs from 6 to 2 
per cent. In this case the usual accuracy is 0.02 to 0.03 volume per cent, 
about the same as with the usual type of Haldane apparatus. In analysis of 
gases with more than 15 per cent of CO 2 the method described onp. 112 is 
preferable, unless it is desirable to use minimal samples. In that case the 
micro form of the method here described can be used, with samples of only 
1.5 cc. 
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Reagents 

5 x sodium hydroxide, approximate. Described on page 233. 

1 N hydrochloric acid, approximate. 83 cc. of concentrated hydrochloric 
acid of 1.19 specific gravity diluted to a liter. 

0.1 N sodium hydroxide, approximate, of minimal CO 2 content. 6 cc. of the 
saturated NaOH solution, described on page 29, are pipetted into 1 liter of 
water, which has been freed of CO 2 by adding a drop of concentrated hydro- 
chloric acid and boiling. About 1 cc. of 1 per cent alizarin red solution is 
added. The 0.1 n alkali solution is immediately poured into 50-cc. flasks 
or bottles closed with parafiined corks or vaselined glass stoppers. After one 
of these flasks has been opened to use part of the solution, the residue is 
thrown away. 

Apparatus 

The only special apparatus besides the manometric is a 25 cc. burette for 
holding C02-free NaOH solution. The tip of the burette must be long 
enough to fit into the cup of the manometric chamber as shown in 
figure 52, page 344, and is provided with a rubber ring, like the pipette in 
that figure. The top of the burette is protected from air by a soda lime 
tube. When the burette is not being used the outlet is kept immersed in 
mercury to prevent absorption of CO 2 by the drop of alkali at the tip. 

Introduction and measurement of sample 

Macro samples. Before the gas sample is admitted to the chamber 
one estimates the approximate pressure in millimeters which a sample of 
desirable size will exert at 50 cc. volume. A sample of such size will 
contain 0.5 to 1.0 cc. of CO 2 , which will give a pressure of 200 to 400 mm. 
at 2 cc. volume. A simple rule to calculate the pressure which a sample 
of desired size will exert at 50 cc. is to divide 1200 by the expected per- 
centage of CO 2 in the gas. E.g. if alveolar air, with probably 6 per cent 

CO 2 is analyzed, a sample is taken which will give a P 5 of = 200 

o 

mm. pressure at 50 cc. The CO 2 in this sample will then exert 0.06 X 
200 = 12 mm . pressure at 50 cc., and 25 times as much, or 300 mm. at 
2 cc. when PcOi is determined in the final measurement. When expired 
air from a Tissot spirometer, with a CO 2 content of usually about 4 per 
cent is analyzed, one takes sufficient sample to give a Ps of about 300 
mm. If gas of less than 1.5 per cent CO 2 content is analyzed as large a 
sample as possible is taken, enough to give a Ps of 500 mm. 

Before the sample is admitted the chamber is washed with acidulated 
water, which is ejected by slow admission of mercury, and the po read- 
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ing is taken as described on p. 107. The sample of desired size is then 
measured as described above for “Admission of sample estimated by 
pressure,” and the pi reading is taken with the mercury meniscus at the 
50 cc. mark. 

Ps = Pi - Po 

Micro samples. A sample of about 1.5 cc. volume at atmospheric 
pressure is admitted as described above for “Admission of sample esti- 
mated by volume.” The readings of po and pi in this case are taken 
with the mercury in the chamber at the 2 instead of the 50 cc. mark. 

Absorption of CO^from gas sample 

After the gas sample has been measured 3.00 cc. of the COo-free 0.1 n 
sodium hydroxide solution are admitted into the chamber from the 
soda-lime guarded burette as shown in figure 52, page 344. Before in- 
serting the burette tip into the cup of the chamber 0.5 cc. of the solution 
is wasted, in order to remove from the tip the drop which has absorbed 
CO 2 from the air. During admission of the alkali, the cock between 
the manometric chamber and its leveling bulb is left open, while the 
bulb is at the level shown in figure 37, p. 272, so that the contents 
of the chamber are under slight negative pressure. 

After admission of the alkali the mercury in the chamber is lowered 
until only the lower third of the chamber is filled with the metal. The 
chamber is then shaken rather slowly for two minutes. This causes 
complete absorption of the CO 2 by the alkali, which is thrown about 
on top of the mercury in such a way that it comes into thorough contact 
with the gas. 

The residual gases are then ejected by the technique described on 
page 279. It is not essential that the last few cubic millimeters of gas 
be ejected, but it is essential that none of the alkali solution rise into the 
cup. The ejection of gas is therefore stopped when the alkali solution 
has entered the bore of the stop-cock. 

Determination of the absorbed CO2 

After ejection of unabsorbed gases 1 cc. of the 1 n hydrochloric acid is 
placed in the cup, and 0.5 cc. is run into the chamber. The CO 2 is now 
determined as described for blood analyses on pages 283-287 of chapter 
VII. The reading of the gas pressure p 2 is taken with 2 cc. gas volume, 
unless so little CO 2 is present that the Pco, at 2 cc. volume is less than 
100 mm. In this case the reading is taken with the gas at 0.5 cc. 
volume. 
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The CO 2 is absorbed with 0.3 cc. of 5 n sodium hydroxide solution, 
as described on page 284, and reading pa is taken, with the same gas 
volume as at the po reading. The alizarin indicator serves to show that 
the entire solution in the chamber turns alkaline. 

A blank analysis is performed, in which no gas is admitted to the 
chamber. The pressure fall observed when the 5 n sodium hydroxide 
is added is the c correction. It should not exceed 4 to 6 mm. with the 
gas at 2 cc. volume if the 0.1 n alkali solution has been prepared and 
handled with the above outlined precautions to minimize its CO 2 
content. 


^C02 = Pi - Pz- 
Calculations 

The CO2 content of the gas analyzed is calculated as: 

PcOi 

Volume per cent CO2 = — — X factor 

the factor being taken from table 13. 

Corrections for calibration errors of chamber and for effect of measuring 
over a mercury meniscus. If a, the volume at which Pg is measured, is other 
than the 50 or 2 cc. assumed in calculating the factors of table 13, the ob- 
served P5 will have to be multiplied by the correction factor a/2 or a/50 to 
obtain the exact Pg for use with the factors of table 13. Similarly, if the 
volume at which Pco. is measured is other than the assumed 0.5 or 2.0 cc. 
the observed PcOi will require multiplication by a/0.5 or a/ 2 in order to 
obtain the exact Pco^ for use with the factors of table 13. 

In a well calibrated chamber the deviations from the assumed volumes will 
be negligible, except for Pg values, measured in the micro determinations, 
over a mercury meniscus at the 2 cc. mark. The chambers are calibrated 
for gas measurements over water menisci, and, as shown on page 19 of 
chapter I, the gas volume over a mercury meniscus at a given mark is greater 
than over a water meniscus at the same mark. If the bore of the chamber 
at the 2 cc. mark is 4 mm., as is generally the case, figure 4 (p. 20) indicates 
that the gas volume over a mercury meniscus at that mark will be 0.012 cc. 
greater than over a water meniscus. The value oi Pg measured at a 2-cc. 
mark exact for a water meniscus will then require multiplication by the 
2.012 

correction factor - = 1.006, when the measurement is made over a 
mercury meniscus. 
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In general, if a is the supposed gas volume (0.5, 2.0, or 50 cc.) held by the 
chamber over a water meniscus at a given mark, a' is the actual volume above 
a water meniscus found in checking the calibration, and Ca is the increase in 
gas volume measurement that results from changing from a water meniscus 
to a mercury meniscus, then the observed pressure, or must be cor- 

TABLE 13 


Factors for Calculating COa Content of a Gas. Van Slyke and Sendroy (26) 


TEMPEIl-«'DItE 

FACTORS OTEN SAUPLE PRESSURE IS TAKEN 
AT SO-CC. VOLUME 

FACTDKS WHEN SAMPLE PRESSURE IS TAKEN 
AT 2-CC. VOLUME 

PcOi measured 
with gas 
at 2-cc. volume 

PCO-t measured 
with gas 

at 0.5-cc. volume 

P(jO« is measured 
with gas 
at 2-cc. volume 

PCO " measured 
with gas 

at O.S-cc. volume 

“C 

factor 

factor 

factor 

factor 

IS 

4.393 

1.120 

109.8 

27.98 

16 

83 

17 

9.6 • 

92 

17 

73 

15 

9.3 

87 

18 

65 

13 

9.1 

82 

19 

58 

12 ' 

9.0 

77 

20 

51 

10 1 

00 

00 

72 

21 

44 

08 

8.6 

68 

22 

37 

06 

8.4 

63 

23 

30 

04 

8.3 

59 

24 

24 

02 

8.1 

54 

25 

18 

00 

7.9 

50 

26 

12 

1.099 

7.8 

47 

27 


97 

7.6 

44 

28 


96 

7.5 

41 

29 

4.295 

95 

7.4 

00 


91 

94 

7.3 

34 

31 

86 

93 

7.2 

31 

32 

81 

92 

7.0 

27 

33 

76 

91 

6.9 

24 

34 

71 

90 

6.8 

20 


rected by multiplication by — if the pressure is observed with the gas over 

a 

q! 0 

an aqueous meniscus, and by when the pressure is observed with the 

a 

gas over a mercury meniscus. In the CO 2 determinations in gas mixtures 
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above described, c is significant only in the measurement of Ps values at 
2 cc. for micro samples. For Ps measured with the gas at 50 cc. volume, 
as is the case except when micro samples are taken, the dift'erence between 
mercury and water menisci is only enough to affect Ps by about 1 part per 
1000, and may ordinarily be neglected. Pco, values in this analysis are all 
measured over water menisci, so that the Ca correction does not apply to Pqq„. 

Example. If a' measured over a water meniscus is found by the usual calibration from 
weight of water delivered to be 2.010 instead of 2.000 cc., and the bore of the chamber at the 
2 cc. mark is 4 mm., so that Ca = 0.012 cc. (see fig. 4, p. 20), then the correction factor by 
which observed micro Ps values must be multiplied will be 


2.010 + 0.012 


= 1.011. 


The correction factor for PcOj (if PcOo is also measured at the 2 cc. mark) will be ■ 
l.OOS. With these correction factors, the calculation formula would become; 


Volume per cent COn == 


^COi ^ I -005 
P. X 1.011 


X factor 


X 0.994 X factor. 


The correction factor 0.994 would be constant for this chamber and type of analysis. 

Dxt factors in table 13 are calculated as follows, Vsamph and FcOz indicate respectively 
the volumes at 0® and 760 mm. of the gas sample and of the CO-j in it. Vm indicates the 
volume, either 50 or 2 cc., at which Ps is measured. From the gas laws we have : 


^sample ^ 


1 + 0.00384 / 


From equation 2 on page 282 in chapter \TI we have: 


V /-n — a X 


1 + 0.00384 t 


X M 1 + 


The volume per cent of CO9 in the sample is 


This is calculated by divid- 


ing the lower of the above equations by the upper, and multiplying by 100. 


Per cent CO2 = 




Since the value of S, the cubic centimeters of solution extracted, is constant at 3.5 
cc., and A is 50 cc,, the above equation simplifies, for these conditions, to 


“CO2 100 i a 

X -y— (1 4- 0.0753 a') 


Per cent CO- 


(4) 
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A slight correction is required for the effect of the sodium chloride present in 0.085 M con- 
centration on the solubility of CO 2 . The ot of CO 2 in this solution is 98.3 per cent as great 
as in water (2). Hence the coefQcient of ol is multiplied by 0.983. We thus obtain 

Per cent CO 2 = -r— ^ X / 
where / = ' (1 + 0.074 a') 

y M 

The value of i, the factor correcting for reabsorption of COo, is 1.017 when a, the volume 
at which FCO 2 is measured, is 2 cc. When a is 0.5 cc. i is 1 .037. 

PRECISE DETERMINATION OF CO 2 IN ATMOSPHERIC AIR. VAN SLYKE AND 

SENDROY (26) 

If the CO 2 ill 35 cc. of air containing 0.03 per cent of CO 2 is measured at 
0,5 cc. volume it will give about 16 mm. of pressure, and an error of 1 mm. 
will make one of 0.002 volume per cent of CO 2 in the result. This is about 
the limit of accuracy for the procedure as above described. However, one 
is not limited to the volume of sample that can be measured in one portion 
in the chamber of the apparatus. Successive portions of air can be run into 
the chamber and the CO 2 from all of them absorbed by one portion of alkali, 
so that the accuracy of the analysis can, if desired, be made to approach 
0.0001 per cent of an atmosphere. 

When the accuracy obtainable from a large air sample is desired the 
sample is measured by volume in a container of the t 3 rpe shown in figure 
10, 1, 1. The container, of for example 250 cc. volume, is calibrated by 
weighing it first empty, except for a film of water on the inner wall, and 
then with the bulb between the two cocks filled with water (see chapter 
I). The container, of which the inner walls should be moist, is at first 
fiUed with mercury, which is then entirely displaced by a sample of 
the air, the mercury being withdrawn as far as the lower cock. The con- 
tainer is then connected to the manometric chamber as shown in figure 12 
by a flexible rubber tube of about 2-mm. bore and just sufficient length 
to permit the chamb er to b e shaken without disturbing the container. The 
connecting tube is then filled with mercury from the chamber, and about 
35 cc. of the sample are run into the chamber. Three cubic centimeters 
of the 0.1 N sodium hydroxide are then admitted to the chamber as above 
described, and the CO 2 in the air portion is absorbed by shaking slowly 
for two minutes, with 10 or 15 cc. of mercury in the chamber. The 
unabsorbed gas, except for a small bubble, is then ejected. Then 
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another portion of the sample is admitted and its CO2 is absorbed in the 
same manner. This procedure is repeated until all the gas from the 
calibrated container has passed through the chamber and been shaken 
with the alkali. When the last portion of gas is run into the chamber a 



Fig. 12. Transferring gas sample from calibrated container to chamber of manometric 
apparatus. 

little mercury from the container is permitted to follow and fill the bore 
of the cock of the chamber. 

After the CO2 from the last portion of air has been absorbed, the unab- 
sorbed air is ejected and 0.5 cc. of I n hydrochloric acid is admitted. 
The CO2 is extracted from solution and Pcoa is measured as directed 
for the preceding analysis. 
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Calculation 


Per cent CO 2 = 


100 V. 


COi 


VcOi represents the cubic centimeters of CO 2 , reduced to 0“, 760 mm., 
and V s represents the volume of the sample in the same units. 

The value of 100 Vco. is obtained by multiplying by tbe proper fac- 
tor from table 14, p. 128. 

V s is calculated by multiplying the observed volume of the sample (the 
volume content of the calibrated container) by the proper factor from table 
15, p. 129, to reduce the volume to standard conditions. 

The calculation may therefore be expressed as 

/i 

Per cent CO-. = 

f-zC 

where /i is the factor from table 14 , /2 the factor from table 15, and C is the 
capacity in cubic centimeters of the container in which the gas sample was 
measured. 


OXYGEN IN AIR BY COMBUSTION WITH HYDROGEN. VAN SLYKE AND 

HANKE (22) 

Principle. An excess of hydrogen is added to the air and the mixture 
is ignited with a platinum spiral. The principle has been more frequently 
used for determination of hydrogen, but it is equally simple for oxygen. 
The manometric apparatus is especially convenient for determinations of 
oxygen and hydrogen by combustion, because it obviates the necessity of 
diluting the mixtures with inert gas to avoid too vigorous explosions. Ex- 
plosive mixtures are simply attenuated by putting them under reduced 
pressure when they are burned. 

The reaction, 2 H 2 -T O 2 = 2 H 2 O, has for oxygen determination the 
advantage that the shrinkage in gas that results from the combustion is 
three times the volume of the oxygen. In consequence the accuracy of the 
determination is increased, and oxygen determinations in the ordinary form 
of manometric apparatus can be done with an error of usually not more than 
0.02 or 0.03 volume per cent. 


Apparatus 

Figure 13 illustrates the construction and manner of attachment of the 
combustion chamber to the manometric chamber of Van Slyke and Neill. 
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The combustion chamber differs only in details from that used with the Hal- 
dane gas analyzer. It consists of a heavy walled Pyrex glass cylinder, of 
about 100 mm. length and 32 mm. diameter, and therefore about 75 cc. 
capacity. The mouth of the cylinder is expanded slightly so that it will fit 
the rubber stopper. The glass here is also thickened somewhat and a slight 

TABLE 14 


Factors by Which Pco, is Multiplied to Calculate 100 Vqq^. Van Slyee and 

Sendeoy (26) 

(S = 3.5 cc.) 


TEMPERATURE 

TACTOE \VHEN PqO^ UEASUEED 

VTTH GAS AT 2-CC. VOLUME 

FACIOS WHEN PcOi I® HEASUEED 
WITH GAS AT 0.5-CC. VOLUME 

°c. 

15 

0.2735 

0.0697 

16 

19 

93 

17 

04 

89 

18 

0.2690 

86 

19 

75 

82 

20 

62 

78 

21 

48 

75 

22 

34 

71 

23 

20 

68 

24 

07 

65 

25 

0.2594 

61 

26 

81 

58 

27 

69 

55 

28 

57 

52 

29 

45 

49 

30 

33 

46 

31 

22 

43 

32 

11 

40 

33 

00 

37 

34 

0.2489 

34 


rim is put on the bottom, so that the greased stopper can be forced in with- 
out breaking the glass. 

Through the stopper pass three glass tubes. One is connected by about 
1 meter of fresh, thick-walled “nitrometer” tubing of red rubber with the 
leveling bulb shown in figure 13.® Into the upper ends of the other two are 

® The rubber tubing must be so impervious to air that when the leveling bulb is lowered 
and a partial vacuiun in the combustion chamber is produced, no air leaks through this 







TABLE 15 


Factors poe Reducing Volume op Moist Gas to Volume Occupied by Dry Gas at 0°, 

760 MM. 


OBSER\rED 

BAROliETRiC 

reading, DNCOR- 
RECTKD FOR 
TEilFESATURE 

15 ° 

16 ° 

17 “ 

18 ° 

19 ** 

20 ° 

21 “ 

22 “ 

23 ° 

24 ° 

25 ° 

26 ° 

27 ° 

28 ° 

29 ° 

30 ° 

31 ° 

32 ° 

700 

0.855 

851 

847 

842 

838 

834 

829 

825 

821 

816 

812 

807 

802 

797 

793 

788 

783 

778 

702 

857 

853 

849 

845 

840 

836 

832 

827 

823 

818 

814 

809 

805 

800 

795 

790 

785 

780 

704 

860 

856 

852 

847 

843 

839 

834 

830 

825 

821 

816 

812 

807 

802 

797 

792 

787 

783 

706 

862 

858 

854 

850 

845 

841 

837 

832 

828 

823 

819 

814 

810 

804 

800 

795 

790 

785 

708 

865 

861 

856 

852 

848 

843 

839 

834 

830 

825 

821 

816 

812 

807 

802 

797 

792 

787 

710 

867 

863 

859 

855 

850 

846 

842 

837 

833 

828 

824 

819 

814 

809 

804 

799 

795 

790 

712 

870 

866 

861 

857 

853 

848 

844 

839 

836 

830 

826 

821 

817 

812 

807 

802 

797 

792 

714 

872 

868 

864 

859 

855 

851 

846 

842 

837 

83.3 

828 

824 

819 

814 

809 

804 

799 

794 

716 

875 

871 

866 

862 

858 

853 

849 

844 

840 

835 

831 

826 

822 

816 

812 

807 

802 

797 

718 

877 

873 

869 

864 

860 

856 

851 

847 

842 

838 

833 

828 

824 

819 

814 

809 

804 

799 

720 

880 

876 

871 

867 

863 

858 

854 

849 

845 

840 

836 

831 

826 

821 

816 

812 

807 

802 

722 

882 

878 

874 

869 

865 

861 

856 

852 

847 

843 

838 

833 

829 

824 

819 

814 

809 

804 

724 

885 

880 

876 

872 

867 

863 

858 

854 

849 

845 

840 

835 

831 

826 

821 

816 

811 

806 

726 

887 

883 

879 

874 

870 

866 

861 

856 

852 

847 

843 

838 

833 

829 

824 

818 

813 

808 

728 

890 

886 

881 

877 

872 

868 

863 

859 

854 

850 

845 

840 

836 

831 

826 

821 

816 

811 

730 

892 

888 

884 

879 

875 

871 

866 

861 

857 

852 

847 

843 

838 

833 

828 

823 

818 

813 

732 

895 

890 

886 

882 

877 

873 

868 

864 

859 

854 

850 

845 

840 

836 

831 

825 

820 

815 

734 

897 

893 

889 

884 

880 

875 

871 

866 

862 

857 

852 

847 

843 

838 

833 

828 

823 

818 

736 

900 

895 

891 

887 

882 

878 

873 

869 

864 

859 

855 

850 

845 

840 

835 

830 

825 

820 
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sealed short heavy platinum wires, which are joined within the chamber 
by a thin platinum wire (no. 26 or 28) about 5 cm. long, bend into three 
spirals. After the platinum wires are sealed into the glass, each tube is 
filled with melted Wood’s metal, and a strong copper wire is inserted into 
the cooling metal. This device (suggested by Sendroy) enables one to 
economize on platinum, and to use strong and heavy copper wires for connec- 
tions below the tubes with the battery wires. Electricity to heat the plati- 
num spiral is provided by a battery of two or three dry cells. 

To avoid danger from flying glass in case a miscalculation of the mixture 
burned should cause a highly explosive one to be ignited, it is well to wrap a 
layer of wire guaze about the combustion chamber, and bind it with wire. 


TABLE 15a 

Factors tor Converting Pressures at 50-cc. Volume and f Into Volumes at 

760 MM. AND 0°. 


TEllPERATUfiE 

h 

TEMPERATURE 

h 

°c. 

15 

0.06220 

°c. 

25 

0.06003 

16 

6188 

26 

5982 

17 

76 

27 

61 

18 

53 

28 

40 

19 

32 

29 

20 

20 

0.06109 

30 

0.05899 

21 

6089 

31 

79 

22 

66 

32 

59 

23 

45 

33 

39 

24 

24 

34 

19 


The ends of the capillaries of the combustion and reaction chambers are 
ground flat so that when they meet there is a minimum of dead space. The 
rubber tube connecting the capillaries from the two chambers is new, 
heavy-walled gra3dsh red “nitrometer” tubing with a small enough bore so 
that it grips the glass tubes firmly. 


rubber tube and rises into the chamber. The heavy walled nitrometer tubing of grayish 
red rubber meets these requirements, but after some months becomes permeable to gas 
and must be changed. Before the tubing is attached its bore is cleaned and lined at the 
ends with a thin layer of vaseline or stop-cock grease, with which the glass end over which 
the rubber is to be drawn is also coated. In case rubber tubing sufficiently impermeable to 
gas is not available, a Shohl air trap, shown in figure 28 on page 237 of chapter VII, may be 
sealed to the glass tube below the combustion chamber. 










OXYGEN BY COMBUSTION 


131 


In order to ensure j obits which will not leak under reduced pressure the 
piece of nitrometer tubing and the rubber stopper used on the combustion 
chamber are cleaned and boiled with dilute alkali before use, and both 
rubber and glass surfaces are covered with thin layers of grease before they 
are joined. The stopper is held tightly in place by wires. It is unnecessary 
to bind with wire or otherwise the rubber tube shown in figure 13 connecting 



Fig. 13. Manometric chamber and combustion chamber attached 


the two chambers. Binding is undesirable because it makes the rubber tube 
spread slightly and thereby increases the dead space between the ends of the 
glass capillaries. The combustion chamber is supported at such a level that 
its capillary meets that of the Van Slyke-Neill chamber exactly. With 
these precautions the joint will not leak when the pressure in the combustion 
chamber is reduced to 100 mm. (leveling bulb lowered 660 mm.), which is 
the maximum evacuation used. 
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The leveling bulb of the combustion chamber is conveniently hung by a 
hook from the links of a chain, the lowest link of which does not permit the 
surface of the mercury in the bulb to fall by more than 660 mm. below the 
floor of the combustion chamber. (The type of chain used for supporting 
window sash is convenient.) 

The combustion chamber can be easily attached or detached in one min- 
ute, and there is no reason why this analysis should not form one step in 
a series of analyses of which the others are done without the combustion 
chamber. 

In some Van Slyke-Neill reaction chambers the curved outlet capillary 
approaches so near to the end of the cock that either the bend of the capillary 
must be changed or the end of the cock ground away to make room for the 
hea'v^^ rubber tube used to connect the manometric chamber with the com- 
bustion chamber. 


Reagents 

The only reagent required is hydrogen. No harm is done if it contains a 
little nitrogen as impurity, but it must be free from oxygen. The hydrogen 
is tested for oxygen by submitting a sample to combustion, without admix- 
ture of other gases, in the manner described below. It can be kept in a con- 
tainer of the form shown in figure 9. Pyrogallol, covered by oil on the sur- 
face exposed to air, can be used as fluid in the container if the hydrogen is 
found to contain oxygen. 

Admission and measurement of sample 

Before the sample of gas is admitted the combustion chamber is 
attached to the manometric chamber as shown in figure 13, and mercury 
is drawn over into the manometric chamber from the combustion cham- 
ber, sweeping out air from the coimections. To remove traces of air 
which are likely to be trapped between the ends of the connecting 
capillaries, the mercury in the manometric chamber is lowered, and 
the cock at the top of that chamber is opened to connect quickly with 
the combustion chamber. The rush of 2 or 3 cc. of mercury through the 
connections into the evacuated manometric chamber sweeps out any 
traces of air that may have remained in the connections. 

The sample is admitted as described on page 108. Before the first 
of a series of analyses the chamber is washed with acidulated water, in 
order to make certain that no alkali is present to combine with CO 2 in 
the gas sample. Between the analyses of a series of oxygen determina- 
tions it is not necessary to wash the chamber. The sample should pref- 
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erably be 30 to 35 cc., enough to give a pressure of about 500 mm. at 50 
cc. volume. Micro analyses can be done, with an accuracy of 0.2 
volume per cent, on samples of 1.5 cc., with pressure measurements at 
2 cc. volume, but economy of air samples is seldom necessary. The 
pressure of the sample is calculated as usual : 

^ Pi - Po 

After the sample is measured it is transferred to the combustion 
chamber. For this purpose the leveling bulb of the combustion cham- 
ber is lowered below the level of that chamber and the cock at the top of 
the manometric chamber is opened to connect the two chambers. Mer- 
cury is then admitted into the bottom of the manometric chamber until 
all the gas, followed by a little mercury, has been driven over into the 
combustion chamber. Thus the transfer of gas is accomplished without 
at any time putting the gas in the manometric chamber under positive 
pressure, which would be undesirable, since it might cause measurable 
leakage of gas out of the cock at the top of the chamber. (The cock is 
designed to hold against complete vacuum when its bores are filled with 
mercury, but can not be trusted always to hold against positive pressure 
inside the chamber.) 

Addition of hydrogen 

For air containing 21 per cent of oxygen, hydrogen sufficient at 50 cc. 
to give 42 per cent as much pressure as the Ps of the sample is needed. 
In general, for all air analyses, it is convenient to add enough hydrogen 
to give a pressure equal to approximately half of the measured P5. 
The hydrogen is added in the manner described on page 111 for “ad- 
mission of samples estimated by pressure.” 

The manometer reading pz with the hydrogen in the chamber is taken 
in the same manner as the pi reading with the sample in the chamber. 
The pressure of the hydrogen is 

= Pi - Po 

The measured hydrogen is all run over into the combustion chamber, 
and then one-half of the mixture of the hydrogen and air is returned to 
the manometric chamber. 


Combustion 

In the presence of excess hydrogen, as added in this analysis, gas mix- 
tures will explode when the partial pressure of the oxygen exceeds 50 
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mm., but not if it is less. Moderate explosions, really only ignition by 
flash without serious force, occur if the 50-mm. limit is moderately ex- 
ceeded, but explosions severe enough to threaten the glass chamber do 
not result unless the oxygen tension approaches twice the 5Q-mm. limit. 
In air under atmospheric pressure the oxygen tension is about 155 mm., 
and it is reduced to about 100 mm. by dilution with 0.5 volume of hydro- 
gen. By lowering the total pressure on the gas mixture from 1 atmos- 
phere to 0.5 atmosphere one therefore will reduce the oxygen tension to 
the desired 50 mm. 

This is accomplished by lowering the leveling bulb of the combustion 
chamber so that the level of its mercury is 400 mm. below the floor of 
that chamber. The portion of about 25 cc. of gas in the combustion 
chamber will expand as the result of the partial vacuum until it fills 
about two-thirds of the 75 cc. chamber. The wire is then heated and 
kept glowing for thirty seconds. Then the current is stopped and an- 
other thirty seconds is allowed for the wire to cool. The remainder of 
the sample is then passed from the manometric chamber into the com- 
bustion chamber. (If the wire were not allowed to cool first, the incom- 
ing stream of gas might be ignited.) 

The leveling bulb of the combustion chamber is adjusted at such a 
level that the mercury sinks to within 10 or 15 mm. of the bottom of the 
chamber, and the ignition is repeated. 

The ignited gases are then returned to the manometric chamber, and 
are allowed to rest there two minutes to come to the temperature of that 
chamber. The manometer reading pa is then taken, with the gas at 50 
cc. volume. The pressure of the residual gas, P/?, is then calculated as 

Pr= Pz- Po 

If there is any doubt that combustion has been complete, after the 
pa reading the gas, instead of being ejected, is returned to the combus- 
tion chamber and again ignited for 30 seconds, and the pa reading is 
repeated. 

If there has been any temperature change in the water jacket of the 
manometric chamber since the first po reading at the beginning of the 
analysis, the po reading is repeated after the residual gases have been 
ejected from the chamber, and this final po is used to calculated Pr, 
With changing temperature po changes parallel with the vapor tension 
of moisture in the chamber, and therefore rises about 0.13 mm. with 
each 0.1° temperature increase in the range 20° to 25°. 
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Calculation 


The pressure of oxygen the sample at 50 cc. volume, is calculated as 


^o. = 1/3 (P^ + - Pg) 


Per cent O 2 in air = 100 X 


Temperature correction. If the temperature of the manometric chamber 
at the or Pr reading differs from the temperature at the Pr measure- 
ment, Pi?,, is corrected by the factor and Pr by the factor Tr/Tr, 

as described on p. 108, 


COMBINATION OF THE PRECEDING METHODS FOr CO 2 AND O 2 IN 
RESPIRATORY AIR 

The above methods can be applied to a single sample of respiratory air. 
The oxygen is first determined by combustion. The combustion chamber 
is then disconnected and the COo in the residual gas is absorbed with alkali 
solution, and determined as described above on pages 119 to 122. 

HYDROGEN BY COMBUSTION. VAN SLYKE AND HANKE (22) 

The method is the same as the combustion method for oxygen previously 
described, except that here an excess of oxygen must be added in order 
to provide for the combustion of all the hydrogen. The same apparatus, 
shown in figure 13, is used. The only reagent required is oxygen, which in 
analyses of gas with small proportions of hydrogen can conveniently be 
added in the form of air. When the gas contains a large proportion of hy- 
drogen, however, the use of air would involve an undesirably great dilution 
of the sample, and pure oxygen is used. Explosive mixtures are made to 
burn without explosion, as in the oxygen determination, by reducing their 
pressure below atmospheric, 

Measiirement of sample 

The sample is admitted and measured as described above for oxygen 
determination by combustion. 


P S ~ pi Po- 

After its measurement the sample is transferred to the combustion 
chamber, also as described in the oxygen analysis. 
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Addition of oxygen or air 

With the sample in the combustion chamber, enough air or oxygen 
to burn the hydrogen is measured into the manometric chamber. The 
air or oxygen is admitted in the manner described on p. Ill for ‘‘ad- 
mission of sample estimated by pressure.” 

Whether air or oxygen will be used, and how much of either, depends 
upon the hydrogen content of the sample. The pressure of oxygen pres- 
ent in the mixture burned must be at least half the pressure of the hydro- 
gen. One can always measure an amount of oxygen into the chamber 
which will give more than 0.5 Ps mm. of pressure, and be sure that a 
sufficient excess is present, even if the sample is pure hydrogen. 

If the sample contains less than 40 per cent of hydrogen, enough air to 
to give the same pressure at SO cc. as the sample will provide sufficient 
oxygen for the combustion. However, in this case the Ps of the sample 
should not exceed 300 mm., or the amount of residual gas may be too 
great to measure in one portion. It is preferable, if the hydrogen con- 
tent of the sample exceeds 10 per cent, to add pure oxygen rather than 
air for the combustion. One can then take always a full sized sample, 
with Ps of 500 mm. 


The mnimum amounts of air or oxygen that must be added, for samples of different H, 
and O2 contents, are indicated by the following formulas. The formulas make allowance 
for any oxygen already in the sample. If P02 or Pair calculated by these formulas is zero 
or negative, enough oxygen is already present in the sample to burn the hydrogen, and 
addition of oxygen is unnecessary. 


O2 


P . = 
air 


„ , per cent !!■> per cent O2 . 

Pn. = 1 ■ -T ) X Pc 


200 


100 


per cent H2 per cent O2 


40 


20 


X Pc 


P02 — pressure of O2 measured in chamber at 50 -cc. volume; Pair = pressure of air simi- 
larly measured; per cent H2 = per cent H2 in gas sample; per cent O2 = per cent O2 in gas 
sample. 

After the desired amount of air or oxygen has been admitted to the 
chamber, the mercury is brought to the 50 cc. mark, and reading p 2 
is taken on the manometer. 


Pa = P^ — Po- 

Pa represents the pressure at 50 cc. of the added air or oxygen. 
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After p 2 h3.s been noted the air or oxygen is run over into the com- 
bustion chamber in the same manner described for transfer of the 
sample. 


Combustion 

The manner of combustion depends upon the proportion of hydrogen in 
the gas mixture burned. If there is less than 10 per cent of hydrogen the 
mixture will burn quietly at atmospheric pressure without an explosion. If 
the hydrogen is between 10 and 20 per cent the mixture will burn at atmos- 
pheric pressure by explosion, the vigor of which increases with the propor- 
tion of hydrogen present. If the hydrogen is less than 20 per cent, however 
the explosion is not severe enough to break the glass combustion chamber. 
The concentration of excess oxygen in the mixture markes no appreciable 
difference in the vigor of the explosion. A mixture with 9 per cent of hydro- 
gen will burn without explosion even if the rest of the gas is pure oxygen. 
And a mixture with 20 per cent of hydrogen explodes with no more apparent 
violence if the rest of the gas is pure oxygen than if it is 10 per cent oxygen. 

Even the most explosive mixture, 2 parts of H 2 to 1 of pure O 2 , will burn 
without explosion if the pressure is so reduced that the partial pressure of 
hydrogen is below 70 mm. Such reduction of the hydrogen pressure is 
obtained by reducing the total pressure of the mixture to 100 mm. 

The per cent of hydrogen in the mixture to be burned is estimated as 


Per cent H2 in mixture burned = (Per cent Hj in sample) X „ 

A. Combustion in one portion at atmospheric pressure. If 
the proportion of hydrogen in the gas mixture burned is under 15 per cent, 
one may safely burn the mixture in one portion. After the sample and 
the added oxygen have been transferred to the combustion chamber its 
leveling bulb is put at such a height that the mercury in the chamber is a 
few millimeters above the floor of the chamber, and the wire is heated. 
If a flash occurs the combustion is complete at once. Otherwise the 
wire is kept at a red glow for 10 seconds. The current is then shut off, 
and fifteen to thirty seconds are allowed for the glass ends, into which 
the platinum wires are sealed, to cool so that contact with the mercury 
will not crack them. Then the leveling bulb of the combustion chamber 
is placed in the position shown in figure 13, and the cock at the top of the 
manometric chamber is turned to connect the two chambers. By open- 
ing the cock leading to the manometric leveling bulb the greater part of 
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the gas is drawn over into the manometric chamber. The gas is then 
returned to the combustion chamber in the manner previously described 
in order to wash out any slight pockets or bubbles that may have escaped 
transfer to the combustion chamber the first time. With the leveling 
bulb of the combustion chamber as shown in figure 13 the wire is 
heated again for ten seconds to burn any traces of hydrogen that may 
have been washed in from the other chamber. 

B. Combustion in instalments under diminished pressure. 
If the gas mixture contains more than 15 per cent of hydrogen it is burned 
under diminished pressure in order to prevent unduly violent explosions. 
In this case the mixture of gas sample plus air or oxygen, after being mixed 
in the combustion chamber, is passed back into the manometric cham- 
ber, and the cock between the two chambers is closed. If a large sam- 
ple and much oxygen or air has been taken the total gas present may 
exceed 50 cc. at atmospheric pressure. In such a case 50 cc. is run back 
into the manometric chamber, and the rest is left in the combustion 
chamber. The sample should not be taken so large, however, that this 
excess is over 10 cc. The leveling bulb of the combustion chamber is 
lowered to a point 060 mm. below the floor of that chamber. The 
leveling bulb of the manometric chamber is left at the medium position, 
and the cock connecting the bulb and chamber is left open. Then the 
cock at the top of the manometric chamber is opened until enough gas 
has entered the combustion chamber to cause the mercury to fall to 
within a few millimeters of the floor of that chamber. 

The cock connecting the two chambers is then closed, and the plati- 
num wire is heated for ten seconds. As the gas burns and contracts the 
mercury is the combustion chamber rises somewhat. After the current 
is turned off, thirty seconds or more is allowed for the platinum wire to 
cool. Then about 10 cc. more gas are admitted from the manometric 
chamber, the leveling bulb of the combustion chamber being raised a 
little if necessary to keep the mercury in the chamber above the floor of 
the latter. The combustion is then repeated as before. This process 
is repeated until all the gas has been transferred to the combustion 
chamber and submitted to combustion. The thirty seconds wait after 
each combustion before the cock connecting the two chambers is re- 
opened is never to he neglected, because if the cock is opened while 
the wire is still warm, even though all glow has ceased, the stream of 
entering gas striking the wire may ignite and the flash may strike back 
into the manometric chamber and produce an undesirable explosion. 

After the last combustion the gas is once run over into the manometric 
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chamber and back to the combustion chamber, as in Procedure A, and 
is exposed to the heated wire again. During this ignition the leveling 
bulb of the combustion chamber is raised 10 or 20 cm. above the cham- 
ber, so that the gas is under more than atmospheric pressure. The high 
pressure adds assurance of complete combustion of final traces of 
hydrogen. 

If the gas mixture contains between 15 and 30 per cent hydrogen it 
may be burned in only two portions, the first under 1/2 atmosphere 
pressure, the second under pressure only a little less than atmospheric. 

During the combustion in instalments by the above technique the 
capillary joint connecting the two chambers is not filled with mercury, 
but with the gas. It is possible that if the ignition occurred by explosion 
some gas might be lost by being pressed out through the rubber joint. 
It is therefore desirable to conduct these ignitions under sufficiently 
reduced pressure to obtain always quiet combustion, or at most only 
mild explosions. 


Measurement of residual unburned gas 

After the last heatmg of the wire, and the thirty second interval to 
permit the glass ends to cool, the unburned gas is returned to the mano- 
metric chamber, followed by a little mercury. The mercury meniscus 
is lowered to the 50-cc. mark, and allowed to rest there two minutes 
while the gas cools . Then ps is read. 

The pressure, Pr of the residual unburned gas is calculated as 

Pr = P3 — PO 

In case the temperature in the water jacket has changed since the 
Po reading was made when the sample was measured, the reading 
is repeated after the residual gas has been ejected, from the chamber. 
The Po now obtained is used to calculate Pr by the above formula. 
The Po changes with vapor tension, as stated in discussing this stage of 
the oxygen determination by combustion. 

If the temperature at the P ^ or Pr reading differs from the tempera- 
ture at the Ps measurement, P^ or Pr, or both, are corrected as 
described on p. 108. 

Calculation 

Pm = 2/3 {Ps + Pa — Pr) 

100 P„, 


Per cent hydrogen = 
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GASES OTHER THAN HYDROGEN BY COMBUSTION 

The conditions for the determination of carbon monoxide, methane, 
and other gases by combustion combined with measurement of the CO 2 
formed have been mentioned on page 102 in connection with Haldane analy- 
ses. The same principles can doubtless be utilized with the manometric 
apparatus, the CO 2 analyses being performed on the burned gases by the 
methods described in the preceding pages. 

HYDROGEN BY ABSORPTION WITH A SOLUTION OP COLLOIDAL PALLADIUM AND 
SODIUM PICRATE. VAN SLYKE AND HANKE (23) 

The reagent used is a solution of colloidal palladium and sodium picrate 
introduced by Paal and Hartmann (16). The palladium catalyzes the 
reduction of the picrate by absorbed hydrogen gas. The entire analysis is 
carried out in the manometric chamber, and is especially adapted to analyses 
of small samples of gas. The limit of error is about 0.2 volume per cent. 
It is therefore less accurate than the macro analysis by combustion de- 
scribed above. It is, however, convenient for micro analyses, and enables 
one to perform a hydrogen determination when a combustion chamber is not 
at hand. Carbon dioxide and oxygen must both be removed before the hyrogen 
is determined. The CO 2 would be absorbed by the alkaline picrate solution, 
and the oxygen would interfere with the absorption of hydrogen. 

Reagents 

Palladium sodium picrate solution. This solution contains 2 per cent 
colloidal palladium (“nach Paal”) (16) and 3.5 per cent picric acid in 0.154 
N NaOH. To 3.5 g. picric acid, 15.4 cc. n NaOH and about 50 cc. of water 
are added, and the mixture is warmed to about 50° until the picric acid is 
dissolved. Then 2 grams of colloidal palladium, previously stirred up with 
about 20 cc. of water, are added, and all is made up to 100 cc. It takes 
about one hour with occasional stirring for the solution to become entirely 
homogeneous. 

Since colloidal palladium is gradually inactivated by contact with metallic mercury, it is 
necessary to avoid introducing mercury into the reagent accidentally. The stock reagent 
should be kept in a stoppered bottle at a distance from the manometric apparatus in order 
to avoid contamination with the mercury droplets that are likely to pervade the surround- 
ings. The portion of reagent used is kept in a small flask containing only 5 or 10 cc. 

Paal (16) used a palladium solution containing 5 per cent picric acid, instead of the 3.5 
per cent here described. From the solution with 5 per cent picric' acid a considerable 
amount of sodium picrate gradually precipitates on standing. By decreasing the concen- 
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tration to 3.5 per cent, this difficulty can be entirely avoided. Assuming a reduction of the 
picric acid to tri-amino-phenol bj’’ the hydrogen, 0.2 cc. of the reagent is equivalent to 5.5 
cc. of hydrogen at one atmosphere. Therefore the method as described provides a 4-fold 
e.Tccess of reagent, even when pure hydrogen is analysed. 

The colloidal palladium used by Van Slyke and Hanke was purchased from Dr. Theodor 
Schuchardt, Cheniische Fabrik, Gdrlitz, Germany, for $8.25 a gram. Using 0.2 cc. of a 2 
per cent solution, or 4 mg., makes the palladium cost about 3 cents for each analysis. 

Gas-free water stored in a Hempel pipette over mercury. Distilled water 
is deaerated by the procedure described on page 235 for the preparation of 
gas-free reagents. It is then stored in a Hempel pipette over mercury 
as shown in figure 12. In the present cause the the fluid shown in figure 1 2 is 
mercury, and the gas is replaced by air-free water. 

Measurement of gas sample 

The gas sample is conveniently stored n a modified Hempel pipette 
as shown in figure 11. As displacement liquid in the pipette one may 
use alkaline pyrogallol or hyposulfite solution, which absorb oxygen and 
carbon dioxide from the gas mixture and thereby prepare it for the 
hydrogen determination. If either of these solutions is used in the 
pipette of figure 11 the part of the solution in the upper bulb is covered 
with a layer of paraffin oil. 

The Pa reading is taken, with the mercury meniscus at the 2 cc. mark 
and the manometric chamber free of gas and fluid, as described on page 
107. 

A sample of about 1.5 cc. of the CO 2 and 02-free gas is introduced 
into the manometric chamber as described for ‘‘admission of sample 
estimated by volume” on page 108, and the pi reading is taken with the 
mercury again at the 2 cc. mark. The pressure, Ps, exerted by the gas 
sample at 2 cc. volume is calculated as : 

The correction factor, which has a value of about 1.01, is discussed 
below. 


A bsorption of hydrogen with pier ate palladium solution 

The excess of mercury is removed from the cup, so that there is just 
a little more than necessary to fill the capillary. The leveling bulb of the 
apparatus is left in medium position, opposite the bottom of the chamber, 
and the cock between bulb and chamber is left open. 0.2 cc. of the 
palladium-sodium picrate reagent, measured with a pipette to within 
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0.01 cc.j is introduced into the cup. With a copper wire any bubble of 
air between the palladium solution and the mercury is removed. Such 
a bubble can be avoided by having a little more mercury in the cup than 
is necessary to fill the capillary before alio win the reagent to flow into 
the cup. The reagent is now admitted into the chamber in 5 portions of 
approximately 0.04 cc. each. After the admission of each portion the 
mercury in the chamber is lowered and raised twice in the following 
manner, in order to expose the gas to a large surface of the palladium 
solution. 

After the admission of a drop of palladium solution into the chamber the 
mercury is lowered to a level 2 or 3 cm. below the 2 cc. mark, and the 
cock leading to the mercury leveling bulb is closed. The sudden fall of 
the mercury leaves the palladium solution distributed more or less uni- 
formly over the glass wall of the upper part of the chamber, and as the 
solution gradually drains down after the mercury a large surface of the 
solution is exposed to the gas. The mercury leveling bulb is placed in 
the medium position, level with the bottom of the chamber. After 
twenty or thirty seconds, when most of the palladium solution has 
drained down to the surface of the mercury in the chamber, the cock 
leading to the leveling bulb is opened slightly, allowing the mercury in. 
the chamber to rise slowly, pushing the palladium solution ahead of it as 
far as it will rise.'^ The mercury is then lowered again 2 or 3 cm. below 
the 2-cc. mark, and the entire process is repeated. Then the next drop 
of palladium solution is admitted. The process is performed at such a 
rate that ten muiutes are taken for admission of the 0.2 cc. of palladium 
solution and the absorption of the hydrogen. The cock of the chamber 
is sealed with mercury after the last instalment of palladium solution 
has been added. 

During this manipulation it is important to avoid raising the leveling bulb so high that 
the gas in the chamber is under greater than atmospheric pressure. The rate of absorption 
of hydrogen by the palladium solution can be shown to increase as the total gas pressure 
increasesj and such increase in gas pressure would be desirable if permissible. It must, 
however, be avoided since it may cause appreciable leakage of gas, even though the stop- 
cock be well greased. Conversely it is important not to lower the mercury in the chamber 


■ If the mercury were allowed to rise rapidly most of the palladium solution would 
remain adherent to the glass walls of the chamber. Consequently a large surface of the 
solution would be exposed to the mercury, and the palladium would be rapidly inactivated. 
If the mercury rises gradually, in the course of about ten seconds, practically all of the 
palladium solution drains upward ahead of the mercury, thus making minimum contact 
with the mercury surface. 
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unduly, so as to decrease the gas pressure greatly, since the absorption of hydrogen is 
retarded at low pressures. For these reasons it is essential for the manipulation during 
hydrogen absorption that the mercury should be lowered each time only 2 or 3 cm. below 
the 2 cc. mark, and then allowed to rise as far as it will go with the leveling bulb in the 
medium position. This procedure keeps the gas under somewhat less than atmospheric 
pressure. 

A smoothly turning, well greased cock is needed to control the addition of as little as 
0.04 cc. of solution into the reaction chamber. To assist still further in controlling the 
flow of liquid from the cup to the chamber, the pressure of the gas in the chamber can be 
adjusted to be just slightly less than atmospheric by holding the leveling bulb so that its 
mercury level is about 1 or 2 cm. lower than the level of the mercury in the chamber, and 
then closing the stop-cock between the leveling bulb and the chamber. Even if the 
stop-cock above the chamber is now opened wide, only a little liquid wall enter the cham- 
ber. The volume of liquid admitted will in fact be exactly 0.04 cc. if the volume 
of the gas is 1.5 cc. and the difference in mercury levels is 2 cm. The practiced analyst will 
find it more convenient to leave the leveling bulb and chamber connected and to depend 
entirely upon the well-greased stop-cock of the reaction chamber for controlling the addi- 
tion of reagent, even for the last instalment; but this method requires a degree of control 
over the stop-cock which comes only with experience. 

Addition of air-free water and measurement of the residual gas 

After the hydrogen has been absorbed 2 to 2.5 cc. of gas-free water are 
admitted to the chamber. The water dilutes the palladium solution so 
that it drains more readily, and so that it becomes transparent and its 
meniscus thus more accurately definable.® 

To admit the air-free water the Hempel pipette containing it is placed 
as shown in figure 11, the outlet capillary of the pipette having been first 
filled with mercury from the cup above. While admitting the water 
it is convenient to hold the outlet capillary of the Hempel pipette firmly 
in the cup with the left hand, and to use the right to turn the stop- 
cocks. It is not necessary to measure the water added more accur- 
ately than to keep its volume between 2.0 and 2.5 cc. The measure- 
ment is easily made by estimating the water volume from the volume of 
residual gas in the chamber and the position of the mercury meniscus 
with respect to the 2-cc. mark. If the volume of water is not thus ap- 
proximately controlled, a slight but measurable error may be intro- 
duced because of different quantities of the residual gas later dissolved 
by the aqueous phase. 

® It is not sufficient here to use gas-free water which is stored under oil, nor is it permis- 
sible to run the water into the cup, and from there into the chamber. Such manipulation 
would permit absorption of enough air into the water to affect the results. It is neces- 
sary to store the water over mercury and to deliver it from its container directly through a 
mercury seal into the reaction chamber without contact with air. 
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After the water is admitted the Hempel pipette is removed and the 
stop-cock is sealed with mercury. The mercury meniscus is then 
lowered to the 50-cc. mark and the chamber is shaken for two minutes. 
Thereby slight amounts of gas which may have been absorbed by the 
water during its admission are returned to the gas phase ; only about 
0.001 of the total No or H 2 in the chamber remains dissolved under the 
conditions of equilibration. The water meniscus is then brought to 
the 2-cc. mark and the manometer reading P 2 is taken. The tempera- 
ture is recorded. 

It remains to take the zero reading in the absence of gas with the 
diluted palladium solution present. The gases are ejected without loss 
of liquid as described on page 279. The stop-cock is sealed with mer- 
cury, the water meniscus is brought exactly to the 2-cc. mark and the 
manometer reading, Pz is taken. Expressing the pressure of the resid- 
ual gas as we have 

Pjt ^ P2 — P3 - C2 

After the Pz reading the used reagent is ejected and the reaction cham- 
ber washed twice with water. 

Determination of the corrections C\ and ct 

The correction factor Cifor the difference between mercury and water menisci. 
Because the water meniscus curves upwards above the 2-cc. mark while the 
mercury meniscus curves downwards from it, the volume of gas measured at 
the 2-cc. mark above water is about 1 per cent less than that measured at 
the same mark above mercury. The pressure of a given amount of gas 
measured above the water meniscus is accordingly about 1 per cent more 
than that of the same amount of gas measured above the mercury meniscus. 
Consequently in order to calculate what the Ps pressures would be if meas- 
ured over water, as is the Pr pressure, it is necessary to multiply the ob- 
served pi — po pressures by a factor, ci, which has a value of about 1.01. 
The exact value of this factor depends on the diameter of the chamber of the 
2-cc. mark. It is determined empirically by measuring the pressures exerted 
by any convenient amount of gas brought to the 2-cc. mark first over mer- 
cury and then over water. 

The correction is determined as follows. A reading, po is taken with 
no gas or visible water in the chamber, and with the mercury meniscus 
at the 2-cc. mark. Then enough air is admitted to exert 400 to 500 mm. 
pressure at 2-cc. volume, and Pi reading is taken, again over mercury. 
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Two cubic centimeters of air-free water are now admitted to the chamber, 
the mercury is lowered to the 50-cc. mark, and the chamber is shaken 
for two minutes. The water meniscus is now brought to the 2-cc. mark 
and the reading P 2 is taken. Finally the air is ejected from the chamber, 
without loss of more than 0.1 cc. of the water, and the reading Pi is 
taken with the chamber gas-free and the water meniscus again at the 
2-cc. mark. Then 


P 2 — p3 pressure over water 
Cl — = about 1.01. 

pi — po pressure over mercury 

The exact value of Ci is determined by repeating several times the 
above determination and taking the average result. The value of can 
be thus determined with a precision of about 1 part per 1000.'* 

The correction factor C 2 for air carried into the chamber dis- 
solved in the 0.2 cc. of palladium solution. The palladium 
solution when admitted is saturated with air, which it gives off in the 
chamber. To determine C 2 1 cc. of the palladium solution and 1 cc. of air- 
free water are measured into the chamber. The mercury is lowered to 
the SO cc. mark and the solution is extracted by shaking for 2 minutes. 
The pressure Pi is then measured at 2 cc. volume. The gas is ejected, 
and p 3 is read. 


C2 = 0.2 (pi — P 2 ) 

In this case five times the usual amount of palladium solution is 
taken, for greater, accuracy and the pressure of the extracted air is divided 
by 5 to obtain the correction for the amount of reagent used in the 
analyses. The d correction is usually about 1 .5 mm. 

Correction for temperature changes. If the temperature at the Pjj meas- 
urement differs significantly from that at the Fs measurement, the 
observed Pjj is corrected as described on p. 108 . 

® The Cl value also includes a slight correction for residual gas (usually N 2 ) which 
remains dissolved in the 2 cc. of water when the latter is extracted in the evacuated cham- 
ber and then raised to the 2-cc. mark. The amount remaining in the extracted water, 
calculated from the solubility of N 2 , is approximately 0.1 per cent of the total N 2 in the 
system. However, the amount determined in control experiments has been found to be 
0.2 per cent. The extra 0.1 per cent is attributable to reabsorption of N 2 by the water 
solution as it rises, after the extraction, from the bottom of the chamber to the 2-cc. mark. 
The correction for the 0.2 per cent is automatically included in the ci correction when the 
latter is determined as above outlined. 
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Calculation 

A. Hydrogen in CO 2 - and 02 -Free Gas analyzed 

Pfl2 = P 5 — Pr 


Per cent H 2 = 100 X 


m 


Vs 


B. Hydrogen in Original Gas Containing CO 2 and O 2 

100 — (CO 2 4“ O 2 ) 


Per cent H 2 = A X 


100 


A = per cent H 2 calculated by formula A; (CO 2 + O 2 ) = per cent of CO 2 
+ O 2 in original gas mixture. 


CARBON MONOXIDE 


A. GAS MIXTURES CONTAINING LARGE AMOUNTS OF CARBON MONOXIDE 

If the gas contains 10 per cent or more of carbon monoxide it can be 
analyzed by the technique developed by Sendroy and Liu (20) for analysis 
of the gases from blood containing CO. The CO 2 and O 2 are first absorbed 
with alkaline pyrogallate solution, and the CO in the residual gas is absorbed 
with cuprous chloride solution, as described on p. 335. 

Or the CO may be burned to CO 2 by means of the technique described 
above for hydrogen determination by combustion, the CO 2 then being 
measured as described in the foregoing parts of this chapter. Minute 
amounts of CO in air can not well be determined by combustion, because 
other carbon containing gases or particles are likely to be present in sufficient 
amount to interfere (Sendroy, unpublished results). 


B. GAS MIXTURES CONTAINING SMALL AMOUNTS OF CARBON MONOXIDE. 

SENDROY (19) 

For mixtures containing small amounts of carbon monoxide a principle 
employed by Arnold, Carrier, Smith and Whipple (1) and others is utilized. 
The gas sample is freed of oxygen, after which the carbon monoxide is ab- 
sorbed by reduced blood. The CO is then determined by the usual tech- 
nique for determining carbon monoxide in blood. In the absence of oxygen 
the affinity of reduced blood for carbon monoxide is so great that even when 
the concentration of CO in the gas is only 0.05 per cent it is absorbed by the 
blood to the extent of 94 per cent. 

With the manometric apparatus and refinements in the technique, 
Sendroy (19) is able to determine 0.05 to 0.3 volume per cent of CO in air 
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with a maximum error of ±5 per cent of the amount determined. The pres- 
ent method is well suited for quantitative determination of the amounts of 
carbon monoxide in air that are of physiological significance. The carbon 
monoxide estimation can conveniently be combined with an oxygen deter- 
mination on the same air sample by the method described on page 112. 


TABLE 16 

Factors by Which Pqo is Multiplied to Give 100 Times the Cubic Centimeters or 
Carbon Monoxide Present in the Gas Sample Analyzed* 


TEUPERATOiiE 

FACTOR /iWHENfS PqQ MEASURED 
;VTTH GAS AT 0.5-CC. VOLUME 

FACTOR /l WHEN F QO ME.ASURED 
WITH G.AS AT 2-CC. VOLUME 

°c. 

15 

0.0674 

0.2696 

16 

71 

84 

17 

69 

73 

18 

67 

63 

19 

64 

54 

20 

62 

46 

21 

60 

38 

22 

57 

26 

23 

55 

17 

24 

52 

08 

25 

49 

0.2598 

26 

47 

88 

27 

45 

78 

28 

43 

68 

29 

40 

59 

30 

38 

SO 

31 

35 

41 

32 

33 

32 

33 

31 

23 

34 

29 

14 


* These factors are obtained by multipljdng by 5 X 1.067 those in table 32 on page 331. 
The factors in table 32 give 20 X cc. CO present in sample. Hence multiplying by 5 
gives 100 X cc. CO present. The factor 1.067 is a correction for the fact that only 93.7 
per cent of the CO in the air sample is absorbed by the blood. 

Reagents 

With the following exceptions, the reagents are those required for the 
method of Sendroy and Liu described on page 331, chapter VII. 

(a) The air-free 1 N NaOH is not required. 
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(b) Sodium hyposulfite solution without catalyst, for blood reduction, is 
also prepared as described on page 113 and is kept for the day’s work under oil 

(c) Fresh ox blood. This is reduced as described below. 

M casurement and deoxygenation of gas sample 

The cleaned chamber of the manometric apparatus is connected 
through the capillary side arm at the top with a gas sample container of 
about 40 or 50 cc. capacity, with leveling bulb attached, as shown in 
figure 12. The container is filled with mercury, as are the connecting 
tubes, so that no gas remains in the system. For the connection a 
rubber tube with heavy walls and small bore is used ; the tube should be 
just long enough to permit shaking of the chamber without inconvenient 
tugging on the gas container. 

From another container, the sample of gas, about 35 cc., is run into 
the chamber, Ps is measured as Pi-poj and the oxygen is absorbed, 
as described on p. 113-114. In this analysis, however, after deoxy- 
genation the unabsorbed gas is not ejected through the stop-cock of 
the chamber, into the room, but is run through the side arm to the 
attached container. The hyposulfite is permitted to follow the gas up 
into the narrow part of the chamber until the solution just touches the 
stop-cock. The stop-cock is then turned, the hyposulfite is ejected into 
the cup above the chamber, and the chamber is cleaned with water. 
The deoxygenated gas sample is kept in the attached container under 
atmospheric pressure, until ready for equilibration with the reduced 
blood. 


Determination of oxygen 

In the foregoing procedure, if the oxygen content of the gas sample 
is desired, it may easily be obtained by reading p 2 , as described on 
p. 1 14 before the deoxygenated gas is removed from the chamber. (The 
CO 2 , is absorbed with the oxygen, but in samples of atmospheric ah the 
COo content is relatively negligible.) After the 02-free gas is run into 
the attached container, a little hyposulfite is run into the capillary lead- 
ing to the cup of the chamber, the stop-cock is sealed with mercury, and 
the reading ps is taken. The hyposulfite is then ejected and the cham- 
ber is washed with water. For calculation, see page 151. 

Removal of air from ferricyanide reagent 

One drop of caprylic alcohol and 15 cc. of the acid ferricyanide reagent 
are run into the chamber of the manometric apparatus and freed of ah by 
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extraction for two three-minute periods, as described on page 322, 
chapter VII. The gas-free reagent is then forced up into a 25-cc. 
burette in the manner shown in figure on page 234. The burette 
should contain sufficient oil to make a layer at least 10 cm. deep, and the 
tip, which must extend long enough to reach the bottom of the chamber 
cup, is provided with a rubber ring to make a tight connection. The 
burette is set aside until the reduced blood has been prepared for 
analysis. 


Preparation of reduced blood 

A 5-cc. portion of ox blood of normal hemoglobin content is run into 
the cleaned chamber of the manometric apparatus, 2 drops of caprylic 
alcohol are added, and the chamber is evacuated and shaken for three 
minutes. The extracted gases are ejected without loss of solution as 
described on page 279. One drop of the sodium h 3 rposulfite solution 
without catalyst is added to the blood and the extraction in vacuo is 
then repeated, this time for two minutes. After this treatment, there is 
no measurable amount of oxygen left in the blood. After each extraction 
the ejection of the gas from the chamber must be complete. If a drop 
of blood follows the ejected bubble of gas up into the cup its loss is of no 
importance. Since the drop is exposed to air in the cup the blood is not 
returned to the chamber, but is washed out of the cup before the cock is 
sealed with mercury for the next extraction. 

Absorption of carbon monoxide by reduced blood 

The deoxygenated gas from the attached container is admitted into 
the chamber over the reduced blood. It is followed by a little mercury, 
to fill the connecting tubes, and to seal the stop-cock of the chamber. 
After this the attached container is disconnected. 

The water jacket of the monometric chamber is completely covered 
with tin foil to exclude all light; the tin foil may be fastened with ad- 
hesive tape. With the leveling bulb of the chamber in a position slightly 
lower than the bottom of the chamber, and with the cock between the 
two open, the chamber is slowly shaken for thirty minutes. The speed 
of shaking should be such that the blood is whirled about the wall but 
is not broken up into foam. After equilibration the tin foil is removed 
and the unabsorbed gas is ejected without loss of any of the blood. 
Three drops of caprylic alcohol are added to the reduced blood in the 
chamber, and the cock of the chamber is sealed with mercury. 
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Determination of CO absorbed by the blood 

Through, a mercury seal (fig. 52, p. 344) 13 cc. of the ferricyanide 
reagent from the oil-protected burette are admitted into the chamber 
with the blood. Before the acid ferricyanide is admitted the chamber 
is partly evacuated, so that the surface of the blood is in the broad part of 
the chamber. After each 2 cc. admitted, the chamber is shaken gently 
two or three times to avoid the formation of large masses of protein pre- 
cipitate which would be likely to adhere to the glass walls. 

From this point the procedure for determination of CO in the blood 
is precisely that described for 5 cc.-blood samples on page 332 for the 
Sendroy-Liu method, except that in the present case no alkali need be 
introduced into the chamber before the liberated gases are run into the 
Hempel pipette containing alkaline pyrogallate. The measurements 
P 4 and p 5 , before and after the absorption of the CO with Winkler’s 
solution, are made with the gases in the chamber at 0.5-cc. volume. 

Calculation 

The calculation for O 2 is similar to, but somewhat simpler than that given 
on page 115. 

As before, the sample is calculated as 

P ^ — pi — pa. 


P CO ~ ~ -^ 3 ) 

The oxygen, (including a slight amount of CO 2 which is negligible in ordi- 
nary atmospheric air) is calculated as 


p = p — p 

-f CO 


Per cent O 2 = 


100 P, 


O2 


The CO is calculated as 


Pqo — ^ 

/i Pro 

Per cent CO 

/2P. 

. /i = factor from table 16 by which Pco is multiplied to give 100 X the 
cubic centimeters of CO, reduced to 0°, 760 mm., present in the gas sample. 
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fo — factor from table 15A by which the pressure difference Ps is con- 
verted to the volume of the sample in cubic centimeters reduced to 0°, 
760 mm. (see p. 130). 

The c correction is determined by repeating the procedure described 
above in all respects, except that the steps involved in handling the air 
sample are omitted. The reagent is deaerated, the blood is reduced, the 
reagent is added, and the determination finished as above. Two readings 
are made at the 0.5-cc, mark, pi and p 2 , before and after the addition of 
Winkler’s solution to absorb CO. The c correction is calculated as: — 
c. 

The c correction is the sum of two components. One is the c correction of 
the Sendroy-Liu method. The other is a correction for a slight amount of 
CO (0.08 to 0.18 volume per cent) which Sendroy, in agreement with 
Nicloux and others, has found to be present in normal blood. Because this 
CO content of the blood is variable, the c correction must be determined with 
a portion of the same blood which is used for the air analysis. 

The correction factor 1.067 

Since the reaction, Hb -T CO HbCO, is reversible, it is theoretically 
impossible that, when the N 2 + CO mixture is shaken with blood, absolutely 
all of the CO should be combined. Under the conditions here used for the 
absorption of CO by reduced blood, Sendroy has found that only 93.7 ±2.4 
per cent of known amounts of CO (in the small concentrations determined) 
in air is recovered from the reduced blood used for the analysis. The correc- 
tion factor 1.067 has been found constant to within ±2.4 per cent, and is 
accordingly used in the calculation. 

G-A.S Analyses with Special Apparatus* 

CARBON DIOXIDE IN AIR BY THE COLORIMETRIC METHOD OE HIGGINS AND 

MARRIOTT (10, 13) 

Principle 

The air sample is bubbled through a standard bicarbonate solution con- 
taining a measured amount of phenol red as indicator until the H2CO3 con- 
tent of the bicarbonate solution is at equilibrium with the CO2 tension in the 
passing air. The color of the solution is then compared in a comparator 
with a series of buffer solutions of known pH. From the pH, thus deter- 

* See the appendix for a method by Y. Henderson which appeared too late for in- 
clusion in this chapter. 
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mined, the CO 2 content or tension of the air can be estimated, since in ac- 
cordance with Hasselbalch’s equation (see p. 874-883 of volume I) the CO 2 
tension can be calculated if bicarbonate content and pH are known. In 
practice one uses as standards a set of standard tubes which indicate CO 2 
tensions directly, so that no calculations are necessary. 

The method is of somewhat limited accuracy . However, it affords a simple 
means of securing approximate information concerning the CO 2 tension in 
the alveolar air when results accurate to 2 or 3 mm. of CO 2 tension suffice. 
The method has been used by Marriott (13) extensively in determining the 
CO 2 content of alveolar air obtained by the Plesch method from infants. 
The simplicity of the technique makes it available as a bedside method. 

Reagents 

Phosphate hufer mixtures, m/ 15 solutions of alkaline and acid phos- 
phate are made as follows. For the acid phosphate, 9.08 grams of anhy- 
drous KH2PO4 are dissolved in 200 cc. of 0.01 per cent phenol red solution 
and made up to 1 liter. For the alkaline phosphate, 9.47 grams of anhy- 
drous Na 2 HP 04 or 11.88 grams of Na 2 HP 04 - 2 H 20 are dissolved in 200 cc. 
of 0.01 per cent phenol red and made up to 1 liter. The acid and alkali 
phosphate solutions are mixed in varying proportions, as indicated by 
table 17. 

Standard 0,01 n alkali. To 100 cc. of 0.1 N sodium hydroxide in a 1 liter 
volumetric flask, add 200 cc. of 0.01 per cent phenol red. Dilute the solu- 
tion to a liter. The hydroxide can be converted to bicarbonate by passing 
through it carbon dioxide from a cylinder. However, this is unnecessary, 
as change from NaOH to NaHCOs occurs automatically during the 
determination. 

Procedure 

A series of tubes 10 by 100 to 150 mm., containing acid and alkaline 
phosphate solutions in the proportions indicated in table 17, is prepared. 
The tubes are sealed or the solutions are covered with low meltingpoint 
paraffin. The tubes should be kept in the dark when not in use. They 
must be renewed, as the colors fade, and should be checked frequently.^*' 
The CO 2 tension equivalent of each tube is indicated in table 17. 

Into a similar tube are poured 2 to 3 cc. of standard 0.01 n alkali solu- 
tion. Through this the air is bubbled, by means of a glass tube drawn 

“ Comparator and standard buffer solutions in sealed tubes are made by Hynson, 
Westcott and Dunning of Baltimore. 
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out to a fine capillary point, until the color of the solution becomes con- 
stant. The test tube is then stoppered, or the solution is covered with 
oil, and the color of the solution is compared with the standards in a 
comparator. The tension of CO 2 is read directly on the standard tube 
which most nearly matches the unknown. The bicarbonate solution 
must be at 20° to 25° while the gas is being passed through it. If the 
temperature of the room is outside these limits the tubes should be 
imm ersed in water at about 25°. No correction for barometric pressure 
is required. 

TABLE 17 

Table foe Use With Higgins and Maeriott’s Method foe Alveolae CO 2 

Determination 


CO2 TENSION, mm. Eg 



10 

15 

20 

25 

30 

35 

40 

45 

Acid phosphate, cc 

17.8 

25.2 

31.0 

35.7 

40.5 

45.0 

47.0 

50.2 

Alkaline phosphate, cc 

82.2 

74.8 

69.0 

64.3 

59.5 

55.0 

53.0 

49.8 


CARBON DIOXIDE AND OXYGEN DETERMINATION BY ELECTRICAL MEASURE- 
MENT OE THERMAL CONDUCTIVITY OF AIR 

Hill (9) in 1922 showed that the effect exerted by CO 2 on the thermal 
conductivity of air could be used for rapid electrometric determination of 
the CO 2 content. Rabinowitch and Bazin (17) confirmed Hill and described 
“kathetometers” adapted for the determination. Finally Ledig and Lyman 
(12) utilized the principle for determination of both CO 2 and O 2 . They 
could complete an analysis in ten minutes, with results as accurate as those 
yielded by the Haldane method. 

There is no doubt that these methods are rapid and exact. Because they 
require unusual technique and apparatus, however, they have apparently 
not been used outside the laboratories of their originators. The reader 
will find descriptions in the papers above cited. 

THE DETERMINATION OF SMALL AMOUNTS OF CARBON MONOXIDE IN AIR BY THE 

IODINE PENTOXIDE METHOD. SENDROY’S MODIFICATION OF VANDAVEER- 
GREGG TECHNIQUE (21)’-^ 

This procedure is more time consuming and difficult than the manometric 
method of Sendroy described on page 147. It serves, however, when the 

H For the following description, which includes details not yet published, the authors 
are indebted to Dr. J. Sendroy, Jr., of the Rockefeller Institute. 
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manometric apparatus is not available, or when results accurate to 1 or 2 
per cent of the CO present are desired. 

The method utilizes the reaction of CO wdth hot I2O5. 

5 CO -i- I2O5 = S CO2 + I2 

The liberated iodine is absorbed in KI solution and titrated against sodium 
thiosulfate in the presence of starch indicator. When the apparatus is prop- 
erly assembled and the conditions of analysis are rigidly observed, many 
analyses may be made without difficulty or change in the assembly. Re- 
sults for concentrations of CO in air from 0.01 to 0.2 volume present are 
accurate to ±1.5 per cent of the CO determined. 

Apparatus 

The assembly is showm in figure 14. Gas from reservoir A ox B (capacity 
about SOO cc.) is displaced by glycerol-salt solution and is passed through the 
trap T (volume about 30 cc.) wffiere any overflow of glycerol-salt solution 
through stop-cock B is caught. The gas is purified by being passed in turn 
through the sealed U-tube S (5-inch height) containing glass beads moist- 
ened with concentrated sulfuric acid, and through the glass-stoppered 
U-tube P (5-inch height) containing soda-lime in one arm separated by glass 
wool from P 2 O 5 in the other. Next, the gas enters the sealed U-tube X 
( 6 -inch height) containing alternate layers of glass wool and Merck’s UOs 
(iodic acid anhydride). Tube .Y is kept in an electrically heated oven at a 
constant temperature, so that during analysis the air within is at 150°C. 
The free iodine is absorbed in tube K (volume about 50 cc.) containing KI 
solution. As a further precaution, tube K' is added with additional KI 
solution to absorb any iodine which may escape from tube K. 

Reagents 

Ghxerol-salt solution. One volume of glycerol is mixed with three volumes 
of saturated XaCl solution. It is used rather than water in A and B be- 
cause it dissolves less gas. 

Potassium iodide solution. This should be prepared fresh daily. One 
to 10 grams of KI, depending on the concentration of CO in the gas sample, 
are dissolved in 100 cc. of distilled water. The purity of the KI should be 
tested: any lot which liberates free iodine in solution within less than twenty 
four hours when kept in the dark should be rejected. 

Sodium thiosulfate solutions. A 0.1 h stock solution is prepared as de- 
scribed in chapter I. Dilute solutions varying in strength from 0.01 to 
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0.001 N are made at frequent intervals from the above. These dilute solu- 
tions are unstable, and must be standardized on the day they are used, by 
titration against similarly dilute biiodate solutions. 

Potassium biiodate solutions. A 0.1 n stock solution is prepared as de- 
scribed in chapter I, and from it 0.01 n and 0.001 n are prepared by dilution. 

Starch indicator solution. Described in chapter I. 

Procedure 

The iodine pentoxide is prepared for use by heating in tube AT at a 
temperature of 210°C. for about two days while nitrogen from the 1^2 
t pnk is drawn through the system at the rate used in analysis. The 
temperature is then dropped to 150°C. and the purging with nitrogen is 
continued for about two days more. After this, the loOs should liberate 
no trace of iodine when blank analyses are run with nitrogen. 



Fig. 14. Apparatus for determination of carbon monoxide in air by iodine pentoxide 
method. 


Each day’s analysis is begun by doing a blank on nitrogen (commer- 
cial). The gas obtained from the N 2 cylinder (fig. 14) is run through the 
mercury trap Af, through stop-cock A, into the reservoir A. After the 
I 2 O 5 tube has been heated at 150°C. for one-half hour with nitrogen 
mnning through continuously, the tubes K' and K, each containing 5 cc. 
of solution, are placed in position. By controlling the inflow of glycerol- 
salt solution into A, the outflow of N 2 gas is regulated at such a rate that 
the 800 cc. of N 2 are displaced from A in one and one-half to three hours. 
The tubes K and K' are detached. Titration should indicate no more 
iodine than will oxidize 0.01 or 0.02 cc. of the thiosulfate. 

Before the calibrated tube B is attached it is completely filled with a 
sample of the air to be analyzed. It is then immersed in a water bath 
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at a temperature a little higher than room temperature. When thermal 
equilibrium has been attained the top stop-cock is opened to the atmos- 
phere for some seconds to let warmed air escape until the pressure in B 
has fallen to atmospheric. B is then closed, and the temperature of the 
bath and the prevailing barometric pressure are recorded. The gas 
sample is then ready for analysis. 

Tubes K and K’ are placed in position. When the concentration of 
CO in the air analyzed is about 0.01 per cent, a 1 per cent solution of 
Ell is used in tubes K and K'. When 0.1 per cent of CO or more is ex- 
pected, 5 per cent Ell solution is used. 

The gas to be analyzed is now run through the system at the same 
rate previously used for the nitrogen. During this time tube A is refilled 
with nitrogen. After tube B has been completely emptied, (with a 
trace of glycerol-salt solution through stop-cock 5), the N 2 gas in tonom- 
eter A is used to wash out the system. Then the KI solution is 
titrated against thiosulfate. 

Titration. After quantitative rinsing of the inlet of tube JiC with 1 cc. 
of water, the tube, with its stopper, is disconnected from the train, and 
the contents are titrated against thiosulfate solution delivered from a 
Bang 3 cc. microburette of the type described in chapter I. When 
enough thiosulfate has been added to discharge the yellow color in Ky 
two drops of starch solution are added. The titration is completed to the 
blue-to-white end-point. The solution in tube K' is similarly titrated. 
For analysis of air with less than 0.01 per cent of CO thiosulfate solution 
of 0.001 X concentration is used. When samples of air con ain 0.1 per 
cent CO or more the titration should be made with 0.01 x thiosulfate. 

In standardizing the thiosulfate, a 50 cc. tube similar in size and 
shape to tube K is used. Two cubic centimeters of the appropriate 
biiodate (dilute solutions from the stock solution should be made fresh 
about every two weeks) are accurately pipetted into the tube, 4 cc. of the 
strength KI used are added, and then sufficient HCl (2 drops of 1 n 
HC l when the biiodate is 0.01 N) is added to complete the reaction. 
Titration to the end-point is completed as described above. 

Calculation 

From the reactions involved, 1 cc. of 0.001 n Na 2 S 203 is equivalent to 0.056 
cc. of CO measured at O' and 760 mm. Hence the volume of CO present is 
calculated as 

Cubic centimeters of CO at O’, 760 mm. = 0.056 X N X A X 1000 

= 56 N X A 
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where N indicates the concentration of thiosulfate found by standardization^ 
in terms of normality; e.g., if a thiosulfate solution made up as 0.01 n has a 
factor of 0.965, then n is 0.965 X 0.01 = 0.00965. A indicates cubic 
centimeters of thiosulfate used. 

To calculate the volume per cent of CO in the air analyzed the cubic 
centimeters of CO found in the sample are multiplied by 100 and divided by 
the volume of the air sample in cc. Therefore, 

,, , . nm ■ ■ N X A 

Volume per cent CO in air = 

cubic centimeters of air sample 

The “cubic centimeters of air sample” are calculated by multiplying the 
volume of air measured in B (fig. 14) by the proper factor from table 15 to 
reduce the volume to 0° .760 mm. 

Determination of carbon monoxide in air by the colorimetric method of Sayers 

and Y ant (18) 

This method is less exact than the gasoraetric and titration procedures 
for CO in air described above, but it is so simple that it can be used for field 
work, for which it has been employed in the Bureau of Mines. The CO- 
containing air is equilibrated with blood, in which a proportion of the hemo- 
globin, dependent on the CO content of the air, is changed to HbCO (see 
hemoglobin chapter of volume I). The HbCO in the blood is then deter- 
mined by the colorimetric method of Sayers and Yant. 

Reagents 

The reagents are those required for determination of CO in blood by the 
method of Sayers and Yant, as described in the chapter on the determination 
of hemoglobin and its derivatives. 

Procedure 

Collecting air sample. A bottle of 250 cc. capacity or larger is 
filled with water and emptied in the room the air of which is to be an- 
alyzed. Or it may be filled with the air by blowing several volumes 
of the air through the bottle by means of an atomizer bulb. The bottle 
is closed with a rubber stopper. 

Equilibration of air sample with diluted blood. 0.1 cc. of 
fresh blood is diluted to 2 cc. with water, and is then introduced into the 
bottle, with the least opening of the latter that is possible. The bottle is 
then rotated continually for about twenty minutes, without violent shak- 
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ing or agitation. As much as possible of the inner surface of the bottle 
should be covered with the blood solution. Every now and then the 
solution may be thrown centrifugally from the sides to the bottom of the 
bottle by a quick swinging motion, which allows a new surface to form 
and aids in reaching equilibrium. When many samples of air are to 
be analyzed a motor driven equilibrator holding several bottles is a 
convenience. 

Analysis. When the equilibration is finished the blood solution is 
poured into a test tube, and the percentage of the hemoglobin saturated 
with CO is determined by the method of Sayers and Yant described in 
the chapter on determination of hemoglobin and its derivatives. 

Calculation. The calculation is carried out according to the, equation 

HbCO _ Pco 
HbOj 


where pco po, represent the tensions, or the concentrations, of CO and 
O 2 respectively in the air, and HbCO and HbOa represent the relative con- 
centrations of the indicated hemoglobin compounds in the blood solution. 
The equation has been fully discussed in the Hemoglobin chapter of Volume! 
In place of pco and po^ we may write ‘'per cent CO in air” and “per cent O 2 


in air,” while in place of 


HbCO 

HbOa 


we may write 


100 - HbCO 
HbCO ' 


when HbCO 


is expressed in terms of percentage of total hemoglobin combined with 
CO. Since the per cent of O 2 in the air is 20.93, the equation may be 
written 


, ^ . . HbCO 20.Q3 

Per cent of CO m air = 7 — — X 

100 — HbCO a 


At the time of Sayers and Yant’s work the value of a had not been accu- 
rately determined. Sendroy, Liu and Van Slyke (20) have found that for 
human blood it is 210 and for beef blood 180. Substituting these values, we 
have 


Per cent CO in air 


0.1 HbCO 
100 - HbCO 


when human blood is used or 


0.116 HbCO 

TT, when ox blood is used. 
100 — HbCO 
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Example. HbCO is found to be 30 per cent of the total hemoglobinj 
human blood being used. Then : 


Per cent of CO in air 


0.1 X 30 
70 


= 0.043. 
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CHAPTER IV 


Carbon Dioxide and Oxygen Tensions in Alveolar Air 

In this chapter the methods will be described which are used to collect 
the alveolar air for analysis. The methods of analysis have already been 
outlined in the preceding chapter. Consequently none will be described 
here, except that of Fridericia, in which the same apparatus is employed 
both for the collection of the air and for its analysis. 

Alveolar air tensions are used chiefly to estimate the tensions of carbon 
dioxide or oxygen in the arterial or venous blood. The procedures for 
collecting expired air for measurement of the alveolar tensions of these gases 
are therefore designed to cause the alveolar air to be in equilibrium, with 
respect to CO 2 , O 2 , or both, with either arterial or venous blood at the time 
the air samples are taken. 

Calculation of gas concentrations in terms of tensions 

The concentration of a gas, whether pure or in a mixture, is customarily 
expressed in terms of the tension or pressure (the two terms are used synony- 
mously) exerted by the gas at the temperature noted. Thus air under mean 
atmospheric pressure at sea level exerts a pressure of 760 mm. If, however, 
the air is saturated with moisture the dry gases are diluted with a certain 
proportion of water vapor. This proportion depends upon the temperature, 
which determines the vapor pressure of the water. At 38° the vapor tension 
of water is 49 mm. of mercury. Hence in air saturated with moisture at 
38° under 760 mm, of mercury pressure the dry gases will exert only 760 — 
49 = 711 mm. pressure. In dry atmospheric air the O 2 tension is 0.2093 X 
760 = 159 mm., and is independent of the temperature. If the air is moist, 
however, and at 38°, the O 2 tension is 0.2093 X 711 = 149 mm. If the 
barometric pressure were reduced to 380 mm., the O 2 tension in the same 
moist air at 38° would be 0.2093 X (380 — 49) = 69 mm. And in general 
if any moist gas mixture is under B mm. of barometric pressure, and the pro- 
portion of a given gas in the dry part of the mixture is C volumes per cent (as 
found by ordinary analysis),^ the tension, P, of the given constituent gas is 
calculated as: 


^ See discussion of “Interpretation of gas analyses” in the preceding chapter. 
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where W represents water vapor tension. For calculating CO 2 and O 2 ten- 
sions in alveolar air the value of W is generally assumed to be the vapor 
tension of water at 38°, or 49 mm. of mercury. For example, if the CO 2 
content of a sample of alveolar air is found by analysis to be 5.6 per cent, 
and the barometric pressure (corrected for temperature^ is 756 mm., the 
alveolar CO 2 tension is calculated 2&Pcoi — 0-056 (756 — 49) = 39.4 mm. 

Gas tension defines concentration only when the temperature is stated, 
because any gas under atmospheric or other constant tension becomes less 
concentrated as the temperature rises and the gas expands. “40 mm. of CO 2 
tension at 38°” expresses a definite CO 2 concentration, but merely “40 mm . 
of CO 2 tension” does not. 

The concentration of a substance in gas form can be more simply defined 
in a single figure as moles per liter, in conformity with the usage for solutions. 
With the gases that are concerned in physiological observations, a mole 
of dry gas at 760 mm. and 0° occupies 22.4 liters: hence the concentration, 


of pure O 2 , for example, at 0°, 760 mm., is 


0.0446 molar, or 44.6 


raillimolar. In general, the concentration of a gas which obeys the gas laws 
is calculated from the per cent, C, as 


Millimoles gas per liter 


_C^ 

100 


X 44.6 X 


E - W 

760 (1 -h 0.00367 t) 


Thus the O 2 concentration in moist air at 38° and 760 mm. is calculated as 
7.69 millimolar. 

A useful figure to carry in mind, when one is working with gases, is that 
the concentration of any pure gas at ordinary atmospheric conditions is 
about m/25. 

The employment of molar units for expressing gas concentrations would 
be a simplication; but convention at present maintains in use pressure at 
defined temperature. 


Barometer correction for temperahire 

The 760 mm. taken as standard unit of pressure is the pressure which 
balances a column of mercury 760 mm. high when the mercury is at 0°. At 
warmer temperatures the metal expands so that the same column at 20° 
would be nearly 763 nun. high. If the brass scale expanded equally with 
the mercury column the readings would be unaffected by temperature: the 
barometer would be self correcting. But brass expands only one-tenth as 
much. One must therefore subtract corrections from all readings made 
on mercury barometers at temperatures above 0° in order to obtain the 
height of mercury at 0° which would balance the observed pressure. 
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The correction is calculated as follows: 

The linear coefficient of expansion of mercury is 0.000181 per degree 
centigrade, that of brass is 0.000019. Therefore, in a mercury barometer 
with a brass scale the correction for temperature will be (0.000181 — 
0.000019) It = 0.000162 It where I = the length of the scale involved (in 
this case the observed barometric reading) and t is the temperature of the 
barometer in degrees centrigrade. 


TABLE 18 

Effect of Temperature on Barometer Readings and on Vapor Tension of Water 


TEM- 

PERA- 


CORRECTIONS IN MILLIITETERS TO BE SUBTRACTED FROM OBSERVED READINGS 


Barometric pressure, mm. Hg, Brass scale 


Barometric pressure, mm. Hg, glass scale 



740 

750 

7(50 

770 

780 

740 


760 

770 

7K0 

WATER 

“C. 

IS 

1.81 

1.83 

1.86 

1.88 

1.91 

1.92 

1.95 

1.97 

2.00 

2.02 

min , 

12.7 

16 

1.93 

1.96 

1.98 

2.01 



2.08 

2.10 

2.13 

2.16 

15.5 

17 

2.05 

2.08 

2.10 

2.13 

2.16 

2.18 

2.21 

2.23 

2.26 

2.29 

14.4 

18 

2.17 


2.23 

2.26 

2.29 

2.30 

2.34 

2.37 

2.40 

2.43 

15.4 

19 

2.29 

2.32 

2.35 

2.38 

2.41 

2.43 

2.47 

2.50 

2.53 

2.56 

16.3 

20 

2.41 

2.44 

2.47 

2.51 

2.54 

2.56 

2.60 

2.63 

2,66 

2.70 

17.4 

21 

2.53 

2.56 



2.67 

2.69 

2.72 

2.76 


2,83 

18.5 

22 

2.65 

2.69 

2.72 

2.76 

2.79 

2.82 

2.85 

2.89 

2.93 

2,97 

19.7 

23 

2.77 

2. -81 

2.84 

2.88 

2.92 

2.94 

2.98 




20.9 

24 

2.89 

2.93 

2.97 

3.01 

3.05 


3.11 

3 . 15 


3.24 

22.2 

25 

3.01 



3.13 

3.17 


3.24 

3.29 

3.33 

3.37 

23.6 

26 

3.13 

3.17 

3.21 

3.26 

3.30 


3.37 

3.42 

3.46 

3.51 

25.0 

27 

3.25 

3.29 

3.34 

3.38 

3.42 

3.46 


3.55 

3.60 

3.64 

26.5 

28 

3.37 

3.41 

3.46 

3 .51 

3.55 

3.58 

3.63 

3.68 

3.73 

3.77 

28.1 

29 

3.49 

3.54 

3.58 

3.63 

3,68 

3.71 

3.76 

3.81 

3.86 

3.91 

29.8 

30 

3.61 

3.66 

3.71 

3.75 

3.80 

3.84 

3.89 

3.94 


4.05 

31.5 


VAPOR 

iTENSrON 


The coefficient of expansion of glass is 0.000008. Therefore, with a glass 
scale the correction is (0.000181 — 0.000008) It = 0.000173 It. 

Under ordinary barometric conditions the correction for either a brass or 
glass scale amounts to about | mm. for each degree centigrade. 

Table 18 gives temperature corrections for mercury expansion in a 
barometer with either brass or glass scale at temperatures between 15° and 
30°C. The vapor tensions of water are also appended to the table. 
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Collection op Alveolar por Determination op Arterial CO2 Tension 

DISCUSSION 

The methods for determining alveolar CO 2 can, in general, be divided into 
2 classes: 1, those that aim to determine the CO 2 tension of quickly expelled 
alveolar air in equilibrium with the arterial blood; 2, those that attempt to 
determine the CO 2 tension of air retained in the lungs until it is equilibrated 
with the mixed venous blood from the right ventricle. 

Of the methods that aim to determine the tension of gases in the arterial 
blood, that of Haldane and Priestley (11) has been widely employed. The 
subject, at rest, breathes normally. When the sample of alveolar air is to 
be taken, the subject, immediately after completing a normal inspiration, 
makes a quick forced expiration of all the air he can drive out. The last por- 
tion expired is taken as “inspiratory” alveolar air. “Expiratory” alveolar 
air is obtained by the same technique, except that the forced expiration is 
begun at the end of a normal expiration. 

By comparison of CO 2 tension in alveolar air obtained by variations of the 
Haldane technique with CO 2 tensions calculated from arterial blood analyses, 
DiU and his associates (8) found, as did Peters, Barr and Rule (20) and Mea- 
kins and Davies (18), that in resting subjects the tension of Haldane ‘‘ex- 
piratory” samples agrees with that of arterial blood better than does the 
tension of either “inspiratory” samples or the average of “inspiratory”and 
“expiratory” samples. On the other hand, in exercising subjects “inspira- 
tory” samples proved a more accurate indication of arterial CO 2 tension (9). 
In rest, apparently, air rapidly expelled after the end of a normal expiration 
has been in the lungs just long enough to have come into complete carbon 
dioxide equilibrium with the blood leaving the pulmonary circulation. In 
exercise the production of carbon dioxide in the tissues is so rapid that CO 2 
is able to accumulate in excess in the blood and air during the short time in- 
volved in a normal expiration (1). 

Experiments by Haldane and Priestley (11), confirmed by later authors 
(13), have shown that an expiration of 400 cc. will completely wash out the 
respiratory dead space of a normal resting adult, which is estimated as 125 
to 200 cc. Therefore, in such persons aU the air expired after the first 400 cc. 
is alveolar air. With an expiration of less than 400 cc., alveolar air can not 
be secured with certainty. 

To circumvent subjective factors which render the original Haldane 
technique more or less impracticable for clinical use with untrained sub- 
jects, various automatic sampling devices have been proposed (8, 12, 14). 
Some of these appear to yield low values because they introduce an excessive 
instrumental dead space (8). 
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Krogh and Lindhard (16) proposed the repeated drawing of small samples 
of air from the mouth or pharynx at the end of successive normal expirations. 
Their method has been used to advantage in certain physiological studies, 
but has found little clinical application for technical reasons. Debenham 
and Poulton (7) have shown that it yields samples that agree as to CO 2 ten- 
sion with those collected by the Haldane method. 

De Almeida (6) and Pearce (19) calculated the alveolar CO 2 tension 
from the content of CO 2 in the total expired air and an assumed dead space 
value. The uncertain size of the dead space appears to make this calcula- 
tion subject to greater errors than the usual calculation based on the CO 2 
content of the last portion of air expired. 

Of the methods of collecting air for determining arterial CO 2 tension, we 
describe below that of Haldane as applied to normal resting subjects, its 
modification by Henderson and Morris, and that of Fridericia, which has 
over others the advantage that the sample of alveolar air is both collected 
and analyzed in a single simple piece of apparatus. 

HALD.A.NE AND PRIESTLEY’S METHOD OE COLLECTING .A.IR EOR ARTERIAL CO2 

TENSION (11) 

The apparatus (fig. 15, 1) required is a straight tube of 2 cm. bore, and 
about 1 meter in length, with a capillary side tube near one end for with- 
drawal of air samples. Haldane and Priestley used a smooth hose about 4 
feet long, without valve or mouth-piece. At the end of the forced expira- 
tion the end of the tube was closed by the tongue of the subject until an air 
sample had been withdrawn for analysis through a side arm in the tube. 
This method is impracticable for untrained subjects. For this reason 
Boothby and Peabody (3) interposed a three-way valve (fig. 15, B) between 
the tube and the subject. The valve is so constructed that the subject, with 
the end of the tube in his mouth, may breathe outside air unrestrictedly until 
the moment when it is desired to secure a sample; then it must be possible to 
connect him almost instantaneously with the tube. The connection with 
the tube must be straight and smooth to avoid the production of eddies and 
currents. The dead space formed by the valve and its connections with the 
patient must be as small as possible. The collecting tube, as near the valve 
as possible, is pierced by a small aperture communicating with a fine tube by 
means of which samples of air may be withdrawn for analysis. 

Procedaire 

The apparatus is assembled as shown in figure 15, 1. The gas sam- 
pler, F, is connected to the side tube, which is completely filled with 



166 


ARTERIAL CO, TENSION 


mercury up to the breathing tube. The stop-cock of the sampler is 
closed and slight negative pressure is produced in the sampler by lower- 
ing the leveling bulb. The breathing tube, with a mouth-piece if 
necessary, is inserted in the subject’s mouth with the three-way valve, 



Fig. 15. Apparatus for the collection of Haldane alveolar air samples. 1. Usual appa- 
ratus. A, mouth-piece; B, three-way valve; C, collecting tube, about 1 meter in length; 
D, capillary sampling tap with sampling tube E attached. 2. Apparatus of Henderson 
and Morriss (14). 

B, turned to connect him vdth the outside air. A nose-clip may be used, 
but it is likely to disturb the respirations and should therefore be avoided 
if possible. When the subject is breathing normally and regularly, just 
at or after the beginning of expiration the valve is turned so that he is 
connected with the tube C. He is then directed to blow out hard. At 
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the very end of expiration the valve is returned to its original position 
and a small sample of air is immediately withdrawn by opening the 
stop-cock of the sampler for a moment. The sample is then analyzed 
for carbon dioxide (and oxygen, if desired). 

Preemptions. The chief sources of error in the method are subjective. 
The operator must be so highly trained that his motions can be made with 
rapidity, and yet so quietly and skilfully that they do not disturb the sub- 
ject. Each motion must be made at exactly the proper stage of the respira- 
tory cycle. The respirations of the subject must remain natural throughout 
the procedure. The tendency to catch a short breath just before the forcible 
expiration must be prevented. The expiration must be made entirely 
through the mouth, which entails voluntary occlusion of the nasal passages 
(manual occlusion of the nostrils or the use of a nose- clip, though undesirable, 
is sometimes necessary). Finally, the valve must be closed sharply at the end 
of the expiration to prevent even the smallest inspiratory motion from con- 
taminating the sample with room air. A certain amount of practice is 
required before even the most intelligent subject can deliver good alveolar 
samples. Duplicate samples from separate expirations should differ by no 
more than 0.2 per cent of CO 2 , which is equivalent to a little over 1 mm. of 
CO 2 tension. 

HENDERSON AND MORRISS’ (14) METHOD OE COLLECTING AIR EOR ARTERIAL 

CO2 TENSION 

To obviate some of the subjective sources of error in the Haldane method 
of collecting samples Henderson and Morriss proposed the use of the appara- 
tus illustrated in figure 15,2. This consists of a vertical tube of 50 to 100 cc. 
capacity held by a cork, from which a segment has been removed, in a small 
wide-mouthed bottle containing acidulated water. The distal end of the 
tube projects just beneath the water, and thus forms a Mueller valve. The 
other end of the tube is contracted to 7 or 8 mm. inner diameter and con- 
nects, by means of a piece of rubber tubing, with a short piece of glass tubing 
that serves as a mouth piece. The rubber connecting tube is closed by 
means of a pinch-cock. 

During a normal expiration the pinch-cock is opened and the mouth- 
piece is inserted between the lips of the subject who is then directed to 
prolong the expiration forcibly. Just at the end of the expiration the 
pinch-cock is closed. The glass mouth-piece is replaced with a sampler, 
the lower end of the tube is immersed beneath the water, and a sample 
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of air is withdrawn from the upper part of the tube. One should draw 
the sample at once, before CO2 is lost by diffusion into the water. The 
same precautions cited above for the Haldane-Priestley method are, 
of course, necessary. 

The Mueller valve serves a double purpose. It prevents entrance of 
room air into the tube, and any inspiration at the beginning or end of the 
expiration can be detected by observation of the water column in the 
tube. 

It is quite possible to utilize the Mueller water valve also in the Haldane 
technique. In this case the tube can be made much shorter (to contain not 
more than 100 cc.) and of rigid material, metal or glass. It need not be 
absolutely vertical if the lower end is cut off at an angle. It should not pro- 
ject more than a few millimeters below the surface of the water, to avoid 
any serious obstruction to the flow of air. For the same reason the segment 
removed from the stopper of the bottle must be large enough to afford for 
the escape of air an opening equal to the cross section of the collecting tube. 

eridericia’s apparatus eor both collection and analysis op air for 

ARTERIAL CO 2 TENSION (10) 

Fridericia has devised a simple apparatus that serves for both collection 
and analysis of alveolar air samples. It has received wide clinical applica- 
tion, for which it is probably the method of choice when the subject can 
cooperate to the extent of blowing into the apparatus as directed. Theoreti- 
cally it suffers from disadvantages in comparison with the Haldane method 
in that the 4-mm. cocks of the Fridericia apparatus slightly impede the 
expiration, and the accuracy of the CO 2 determination yielded by the 
apparatus (0.1 per cent) is not equal to that of the Haldane and manometric 
methods that can be used when air is collected by the apparatus shown in 
figure IS, H. However, these differences combined hardly affect results by 
1 mm. of CO 2 pressure, which is less than the variation that may be en- 
countered in successive determinations on a normal subject by the more 
precise methods. 

The apparatus is shown in figure 16. The 120-degree three-way stop-cock 
A can either connect the mouth-piece tube with the gas-burette C, or can 
connect either arm with the bottom outlet Z>. The burette from (and 
exclusive of the bore of) stop-cock E to (and inclusive of the bore of) stop- 
cock A has a capacity of 100 cc. About 90 cc. of this is in the bulb; the re- 
maining 10 cc. is in the tube, which is calibrated in divisions each of which 
represents 0.1 per cent of the total capacity of the burette. 
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A glass jar is required, large enough to hold the apparatus in the vertical 
position with the bulb of the burette submerged in water. 

Reagents 

Sodium hydroxide, 10 per cent. 

Acetic acid, 5 per cent, or boric acid, saturated solution. 



Fig. 16. Fridericia (10) tube for the determination of alveolar COo 
Procedure 

The apparatus is rinsed with 5 per cent acetic acid before it is used. 
With stop-cock E open and cock A connecting B with C, the apparatus 
is held with the mouth-piece B near the lips of the subject. At or just 
after the beginning of a normal expiration the mouth-piece is placed 
between the lips of the subject, who is then directed to blow out hard. 
At the very end of the expiration stop-cock E is closed and the tube re- 
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moved from the subject’s mouth. The apparatus is then placed in the 
glass jar, with the bulb entirely submerged in water at room tempera- 
ture. When the gas has cooled to the temperature of the water, which 
requires three to five minutes, stop-cock A is turned to a neutral (closed) 
position. The apparatus is then taken out of the bath and 10 per cent 
sodium hydroxide is pipetted into B until tube B is filled almost to the 
elbow.- Cock A is again opened to connect B and C, whereupon the 
pressure of the fluid column in B causes a small quantity of the alkali 
to flow into the burette. With the cock in the closed (neutral) position 
again, the apparatus is turned to a horizontal position. The alkali in C 
runs into the bulb of the burette and is gently shaken around to promote 
absorption of the COo. The apparatus is then turned upright again and 
more alkali admitted to replace the volume of CO 2 that has been ab- 
sorbed. The apparatus is again shaken as before. The procedure is 
repeated if necessary until there is no further visible absorption of gas. 
Then cock A is turned to connect ^ and C and the apparatus is immersed 
in the bath. The column of fluid in C moves either up or down until 
the temperature of the gas reaches that of the bath. 

Now one must lower the level of the column of fluid in i? to the level 
of that in A in order to read the latter under atmospheric pressure. 
Cock A is closed, the apparatus is lifted from the bath and held upright, 
and alkali solution from B is run out through D until the meniscus in B 
has fallen to the level of that in C. Cock A is then turned to reconnect 
B and C, and the apparatus is again immersed in the bath. If the 
column of alkali remains stationary, with the menisci in B and C at the 
same levels, the per cent CO 2 is read on the scale of C, and the analysis 
is finished. Frequently, however, a slight shift of the alkali column 
occurs after immersion in the bath, and a little alkali must be removed 
from or added to B to equalize the final levels in B and C. 

The final level adjustment described in the above- paragraph can be 
replaced by the following simpler technique. Without removing the 
apparatus from the bath a narrow rubber tube, attached to a pipette, is 
slipped into B, and alkali solution is sucked out of B until the liquid 
levels in B and C are equal. 


' The alkali should be introduced so that it flows down the sides of the tube, displacing 
the gas cleanly from helow upward. Fridericia recommended that the alkali be admitted 
through D, This necessitates sucking on the mouth-piece or immersing the apparatus in 
alkali. If this procedure is followed the bore of the stop-cock must not be included in the 
capacity of the burette. 
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After the analysis is finished the apparatus is washed out with water 
and 5 per cent acetic acid. 

The CO 2 tension is calculated from the per cent and the barometric pres- 
sure by the equation on page 161. 

Collection oe Alveolar Air for Determination of Venous CO2 

Tension 

DISCUSSION 

In all methods of collecting alveolar air for determination of venous CO 2 
tension the subject rebreathes a limited volume of air until its CO 2 tension 
rises to that of the venous blood coming to the lungs. The requirements 
(discussed in the acid-base balance chapter of volume I) of an accurate pro- 
cedure for the determination of the CO 2 tension of mixed venous blood are 
the following: 

1. There shall be no abnormal hindrance to diffusion of CO 2 from the 
blood to alveolar spaces. 

2. No blood which has been aerated in the lungs shall again return to the 
pulmonary circulation after traversing the systemic circulation during the 
time consumed by rebreathing. The rebreathing can not, for precise re- 
sults, be continued beyond 15 or 20 seconds (2, 15). 

3. A complete and uniform mixture of gases must be attained throughout 
the lungs and rebreathing apparatus. The volume of air rebreathed must 
be sufficiently small in comparison with the rate of carbon dioxide produc- 
tion to permit the attainment of carbon dioxide equilibrium between air and 
pulmonary blood in the period permitted for rebreathing. 

4. Because of the effects of oxygen upon the carbon dioxide carrying 
power of the blood, the oxygen tension in the lungs and rebreathing 
system must, for the most precise results, approximate that of the mixed 
venous blood when the sample of alveolar air is collected. 

The original method of Plesch (21) is the simplest of the rebreathing pro- 
cedures. It has been extensively used for clinical purposes because, of all 
available methods, it alone requires no cooperation on the part of the subject 
and can therefore be employed even with comatose patients or infants. It 
consists essentially of rebreathing air from a bag for fifteen to thirty seconds. 
The CO 2 tension of the rebreathed air may fail in this time, especially when 
respirations are shallow, to rise quite up to venous tension. On the other 
hand the O 2 tension in the lungs remains higher than venous, and must tend 
to raise a little the CO 2 tension, because of the mutual tendency of O 2 and 
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CO2 to push each other out of the blood (see hemoglobin chapter, volume I). 
The two effects tend to balance each other. The Plesch method, as an 
approximate measure of venous COo tension, has proven satisfactory in wide 
clinical application, especially in studies of acidosis, where significant 
changes are large ones. 

Christiansen, Douglas and Haldane ( 5 ) used for inhalation, from the start 
of the rebreathing, mixtures of COo and O2 of about the tensions expected. 
After one rebreathing the gas mixture was again analyzed. If its composi- 
tion had changed, a new mixture was prepared. This method of trial and 
error was continued until a mixture was attained which could be rebreathed 
for a period less than the estimated duration of one circuit of the circulation 
without appreciable change of its composition. The CO2 and O2 tensions in 
this mixture were considered to equal those in the venous blood. 

The procedure was laborious and time consuming. Henderson and Prince 
( 15 ) modified it by introducing repeated, intermittent rebreathing of the 
same portion of air. They found that the CO2 tension of a gas mixture, if 
rebreathed at intervals for periods less than the duration of a circuit of the 
circulation, approached a constant level, regardless of whether the CO2 
tension of the initial mixture was higher or lower than that of the blood. 
This level they considered to be at least approximately that of the venous 
blood. They thus used a series of gas mixtures which progressively approx- 
imated in CO2 content the composition of “venous alveolar air.” The O2 
tension, as shown by Burwell and Robinson ( 4 ), remains above that of ven- 
ous blood, but the CO2 tension is not significantly different from that ob- 
tained when the O2 is regulated, as described below, in Burwell and Robin- 
son’s method for venous O2 tension. 

In order to obtain venous oxygen tensions by either continuous or inter- 
mittent rebreathing it is necessary to start with air of very low oxygen con- 
tent. Bancroft, Roughton, and Shoji ( 2 ) in fact obtained good results 
(30 to 40 mm. O2 tension) by rebreathing pure nitrogen gas by the Plesch 
technique. Four or five normal breaths were taken to and from the bag of 
nitrogen during a period not exceeding twenty seconds. The third, fourth, 
and fifth expirations showed constant O2 content. After twenty seconds 
the O2 content began to fall rapidly, indicating that a second circulatory 
cymle had started, 

Burweh and Robinson ( 4 ) used intermittent rebreathing. They washed 
out the lungs by preliminary inhalation of a mixture of N2 with about 1 per 
cent of O2 and 6 per cent of CO2. Thereby they were able to obtain alveolar 
air which approximated the mixed venous blood in the tension of O2 as well 
as CO2. The method requires intelligent cooperation on the part of the sub- 
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ject under examination. The accuracy of the results for venous CO 2 tension 
obtainable from patients with cardiac and respiratory disorders is uncertain. 
Burwell and Robinson review previous methods for obtaining alveolar air of 
venous CO 2 and O 2 tensions. 

CONTINUOUS REBREATHING METHOD OE PLESCH EOR VENOUS CO 2 TENSION (21) 

Apparatus. A bag of about 1500-cc. capacity is the only apparatus re- 
quired. It is convenient to have it fitted with a valve and mouth-piece as 
illustrated in figure 15, 1. The rubber bag replaces the collecting tube shown 
in figure 15, 1, c. If no valve is at hand, one can use a bag provided merely 
with a wide rubber tube inlet, which serves as mouth piece and is opened 
and closed by an ordinary pinch clamp. 

Procedure 

The bag is filled with about 1000 cc. of air for an adult, or 600 cc. for 
an infant (17). The subject, with his nose clamped and the mouth- 
piece (fig. IS, 1 ) inserted, breathes outside air for a short period. At 
the end of an expiration he is connected with the bag. He then re- 
breathes the mixture in the bag for twenty-five seconds. If the subject 
can cooperate, he is told to breathe somewhat more deeply than usual, 
and about five respirations suffice. At the end of the period the valve is 
closed and a sample of gas is withdrawn from the bag and analyzed for 
CO2. The sample should be taken from the bag as soon as the period is 
over, because CO2 can escape rather rapidly by diffusion through the 
rubber walls of the bag. 

If one uses the Higgins-Marriott method, described in the preceding 
chapter, for analyzing the air, a glass tube drawn out to a capillary is 
attached to the outlet of the bag. The capillary is dipped into the test 
tube of 0.01 N NaOH used in the method, and the bag is pressed so 
that the gas bubbles through the solution. 

If the subject is unconscious or entirely unable to cooperate, a tight- 
fitting mask must be substituted for the mouth-piece and nose-clip. In 
this case it is impossible to influence the type of breathing. If the 
respirations are shallow, the CO2 tension found may be too low. 

INTERMITTENT REBREATHING METHOD EOR VENOUS CO 2 TENSION. HENDER- 
SON AND PRINCE (15); BURWELL AND ROBINSON (4) 

Apparatus. This consists, as in the Plesch method, of a rubber rebreath- 
ing bag with a capacity of about 1500 cc. attached to a three-way valve (see 
figure 15, 1) with a mouth-piece. 
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Procedure 

The mouth-piece is placed in the subject’s mouth with the valve 
turned so that he is connected with the outside air. A nose-clip is 
applied. At a given signal he draws in a full breath. The valve is 
immediately turned to connect him with the empty bag, into which he 
exhales as far as possible. Communication is then shifted by means of 
the valve back to outside air. After an interval of about three minutes 
to allow respirations to become normal again, and at the end of a com- 
plete forced expiration, he is again connected with the bag. He breathes 
in and out forcefully from the bag three times, ending as before with 
a complete expiration, after which he is again connected with the out- 
side air. This procedure is repeated at three-minute intervals from 
four to six times, if the subject is capable of fairly deep respiration. 
Otherwise repetition is continued until samples from the bag after two 
successive rebreathing periods check within 0.2 per cent in CO 2 content. 
It is advisable for the subject to release himself from the mouth-piece 
during the intervals between rebreathing periods. 

COLLECTION OF ALVEOLAR AIR FOR DETERMINATION OF VENOUS TENSIONS OF 
BOTH CO2 AND O2. METHOD OF BUR WELL AND ROBINSON ( 4 ) 

The apparatus is arranged is shown in figure 17 and its legend. 

Procedure 

The nose of the subject is closed with a nose-clip and he applies his 
mouth to the breathing tube and expires fully, the cock being turned so 
that the expiration escapes through F to the outside air. He then takes 
five full breaths. During the first two inspirations the cock remains in 
position so that air is inspired from the spirometer at G and expired 
through F. At the end of the expiration following the second inspiration 
from the spirometer the cock is turned, so that the third, fourth and fifth 
breaths are in and out of the bag at C. At the end of the last expiration 
into the bag the cock is again turned, shutting off the bag, and the sub- 
ject is directed to remove his mouth from the breathing tube and to 
breathe outside air. The entire procedure requires from eighteen to 
twenty seconds, divided between the inspirations from the spirometer 
and the rebreathing to and from the bag. The procedure can be carried 
out correctly by ordinary hospital patients with little or no practice. 
The subject is fairly dyspneic for five or six breaths after the rebreathing 
and may show moderate cyanosis, but there is no change in heart rate. 
This procedure is repeated seven to eleven times, with an interval of 
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three minutes between each, until the Oo tensions cease to show signifi- 
cant change. The gas samples for analysis are taken from the bag 
immediately after each rebreathing so that diffusion of gases through 
the rubber bag does not affect the results. 

The total duration of each rebreathing period must not exceed the 
duration of a complete circulatory cycle. This time, though usually 
about fifteen or twenty seconds (2, 15) doubtless varies in different 
people and under different circumstances. The technique prescribed is 


E 



Fig. 17. Apparatus of Burwell and Robinson (4) for obtaining alveolar air with venous 
COo and O 2 tensions. A, mouth-piecej B, three-way cock; C, rebreathing bag; D, sampling 
tap; E, two-way Rosling valves in series; F, expiratory outlet to room; G, inspiratory tube 
connecting with a 100-liter spirometer containing nitrogen gas plus 1 per cent of O 2 and 5 
per centofC02. Bag C is empty at the start of an experiment. 

suitable to normal, resting adults. In exercise, presumably, the dura- 
tion of rebreathing should be curtailed. The influences pathological 
conditions may have on the permissible length of the periods have not 
yet been ascertained. 
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CHAPTER V 


Respiratory Metabolism 

general considerations concerning respiratory apparatus^ 

For the determination of the exchange of oxygen and carbon dioxide two 
general types of apparatus have been employed, the so-called “open-circuit’’ 
and “closed-circuit” types. 

Open-circuit apparatus 

In the open-circuit types of apparatus, atmospheric air is inspired by the 
subject, and the expired air is analyzed for CO 2 or O 2 , or both. The total 
volume of air breathed is also measured. From the data thus secured the 
amount of oxygen absorbed and the amount of carbon dioxide given off in a 
given period can be calculated. 

In earlier apparatus ingoing and outgoing air were measured by some 
device, usually accurately calibrated gas meters, and samples of the out- 
going air were analyzed at intervals. In the Tissot (40) apparatus, de- 
scribed later in detail, which has now largely displaced other open-circuit 
machines for experiments on resting subjects, the total volume of air expired 
in the experimental period is collected in an accurately balanced and cali- 
brated spirometer. Samples of the air are then analyzed for carbon dioxide 
and oxygen. 

For experiments on exercising men Douglas (25) substituted for the Tissot 
spirometer a large gas bag which can be carried by the experimental subject. 
At the end of the period of investigation the expired air in the bag is analyzed 
for carbon dioxide and oxygen, and is measured by passage either through a 
gas meter or into a spirometer. The Douglas bag has attained nearly uni- 
versal use for observations on working subjects. 

Closed-circuit apparatus 

In closed circuit types of apparatus the subject inspires from and expires 
into an enclosed body of air or oxygen. The CO 2 is removed by alkali 
absorbent and the O 2 consumption is measured by various means. 

^ For general discussions of total metabolism, the technique for its determination, and 
the effect upon it of physiological and pathological factors, the reader is referred to works 
cited in references 8, 12, 13, 16, 17, 18, 27 and 36 in the bibliography, and to Chapter 1 in 
Volume I. 
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McClendon, Hilding, Steggerda, Conklin and Whitaker (37) have de- 
scribed a closed circuit apparatus consisting of two spirometers of the Tis- 
sot type immersed in a large common water bath. The subject inhales from 
one of these and exhales into the other. The volumes of air in both are 
determined before and after the respiratory period. The expired air is then 
returned to the first spirometer through a by-pass in which it is free from 
carbon dioxide by exposure to soda-lime. Both O 2 consumed and CO 2 pro- 
duced can be calculated from the successive changes in the volumes of air 
in the two spirometers. The apparatus is large and expensive, but the pro- 
cedure is simple. The same is true of a somewhat similar apparatus of 
Hagedorn (28) which will be described later. 

The closed-circuit apparatus which has been employed most in this 
country for clinical purposes is that of Benedict (7, 22). In this the subject 
rebreathes air constantly from a system of tubes and bottles in which a circu- 
lation is maintained by means of a pump. The oxygen in the system is 
constantly renewed from an oxygen tank, while the carbon dioxide is re- 
moved by soda-lime. The oxygen consumed and the carbon dioxide pro- 
duced are estimated from the changes in weight of the oxygen tank and the 
soda-lime containers and the change in volume of air in the system. The 
last is measured by means of a recording spirometer. The Benedict appa- 
ratus requires less time for both operation and calculation than the open-cir- 
cuit machines like the Tissot, which require gas analyses. With the aid of 
one technician Carpenter (22) was able “to make a series of three 15-minute 
periods and to calculate the results in the minimum time of an hour and a 

half In a long series of experiments it was possible in every case to 

complete the calculations of the first two 15-minute periods by the end of the 
third period.” This is an important consideration, especially in experiments 
in which the immediate results of some treatment are to be investigated 
and one wishes to be certain that the metabolism in advance of the experiment 
is at a constant level. Nevertheless, for combined observations of CO 2 output 
and O 2 intake, the original Benedict apparatus has largely given way to the 
Tissot open-circuit type of apparatus for clinical work, chiefly because the 
smaller number of connections in the Tissot makes it relatively immune to 
leaks. 


Tubing, valves, masks, and leaks 

Tubing of respiratory apparatus, and likewise valves, intended for the 
use of adults should have a lumen with a cross area of at least 6 cm^ Round 
tubing of this size has a bore of 2.5 cm. (1 inch). Where flexibility is re- 
quired non-collapsible tubing of the “gas-mask” type is to be preferred be- 
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cause it does not become obstructed when it is bent. Such tubing can be 
purchased from most dealers in respiratory apparatus or physiological 
equipment. Hose reinforced inside by coiled metal is equally good for most 
purposes, but is heavier and less flexible. Brass connecting tubes are supe- 
rior to glass for rigid parts because brass is less fragile. For small children 
and infants, tubing of 2 cm. (f inch) diameter is satisfactory. 

Two and three-way valves of aluminum or brass must turn easily and still be 
so firmly ground that they will not leak, and must be of smooth bore through- 
out. Aluminum cocks of this type are illustrated in figure 15, 1, B, and 
figure 17, B, (pp. 166 and 175). 

Innumerable valves, with individual advantages, have been devised to 
perfyiit the passage of air in only one direction. Desirable features in such 
valves are: low resistance, quick action, absence of "back-lash,” small dead 
space, and ability to work in any position. From the standpoint of resist- 
ance, quick action and absence of “back-lash,” the Muller water valve, 
illustrated in figure 15, 2, (p. 166) is almost ideal. However, such valves 
have limited value because of their large dead space and the fact that they 
must be kept always in a vertical position. The latter objection applies to 
all valves which depend upon the force of gravity for closure. Since the 
experience with gas-masks during the war, extremely efficient rubber valves 
of various kinds have become available. Of these the most useful are the 
Rosling (fig. IS, 1) and the “flutter” (fig. IS, 2) types. The latter is, per- 
haps, superior from the point of view of speed of action and absence of 
“back-lash,” but requires a larger dead space for casing. The Rosling valve 
consists of two squares of rubber, attached to one another only at the corners. 
One of the rubber squares is perforated by a l-inch hole to which is sealed 
a short piece of 1-inch rubber hose. This valve is almost, if not quite, as 
eflScient as the flutter valve and has less dead space. It has, therefore, be- 
come extremely popular in respiratory apparatus. A pair of these valves in 
metal casing is illustrated in figure 17, £ (p. 175). 

For most purposes, especially for respiratory studies of short duration 
Mth cooperative subjects, a month-piece is preferable to a mask. The 
necessity of breathing through the mouth, however, causes most subjects 
at first to overventilate. Some individuals do not overcome this tendency, 
or they salivate excessively, compeUing the use of a mask. Numerous 
spring nose clips are available on the market, of which the most generally 
useful are those equipped with a ratchet or other device by which they can 
be locked in place. Mouth-pieces of the type illustrated in figure 18, 3, can 
be obtained in different size and are adaptable to almost any subject who is 
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not entirely toothless. Occasionally it is necessary, especially in toothless 
subjects, to hold the corners of the lips in place over the mouth-piece with 
strips of adhesive plaster. 

Face masks belong to two general types: 1, similar to gas masks and en- 
closing the whole face or even the head; 2, half -masks, enclosing only the 
nose and mouth, and made adaptable by inflated rubber edges. These are 
fastened to the face with two or more straps. Both types of mask, but 
especially the gas mask, furnish a larger dead space than does the mouth- 
piece. Besides this they are more prone to leak. 



Fig. 18. 1, Rosling rubber valve; 2, rubber flutter valve; 3, rubber mouth-piece 

In all masks and mouth pieces the dead space into which the subject re- 
breathes (the volume of the apparatus between the mouth or nose and the 
intake valve) must be as small as possible. In this space carbon dioxide is 
left after each expiration to be inhaled with the following inspiration. If the 
dead space is large the amount of carbon dioxide in the inspired air may be- 
come great enough to stimulate the respiration. 

Testing respiratory apparatus for leaks. The elimination of leaks about a 
mask or mouth-piece or from the clamped nose is sometimes a matter of 
difficulty. If the leak is large enough it may be detected by means of a cold 
mirror or polished steel sheet, which becomes fogged by the hot moist air 
escaping from the leak during expiration. In case of uncertainty applica- 
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tion of shaving lather to the doubtful points is a useful expedient. If there 
is a leak bubbles are seen coming through the lather. 

The general principles involved in the detection of leaks are always the 
same. With the apparatus as a whole closed, the gas within it is subjected 
to pressure and any change of volume noted. Alterations of temperature 
must always be taken into account. If it is certain that the apparatus as a 
whole leaks, individual portions of the apparatus are subjected to similar 
tests. If this is impossible various parts of the apparatus which are under 
suspicion may be immersed in water or lathered with shaving soap to detect 
bubbling. Often enough, ingenuity fails, and it becomes necessary to dis- 
mantle an apparatus completely, and test and reassemble it piece b}'' piece. 

CONSTRUCTION OF SPIROMETERS 

Spirometers which are employed for the collection of air in respiratory 
studies usually belong to one of two types: the bell type (figs. 19 and 21) 
or the bellows type (fig. 22). The movable chambers of both are commonly 
suspended in wmter, which acts as a seal against escape of gas. Occasion- 
ally other fluids in which air and its component gases are less soluble are 
used. It is usually necessary to know the temperature of the gas in the spir- 
ometer. For this purpose a thermometer is inserted in the dome of the bell. 

The chief requisites of a spirometer for most purposes are: 1. It shall 
move with the least possible resistance. 2. Changes in volume of the gas 
in the spirometer shall bear a linear relation to the motions of the spirometer, 
so that air intake is directly proportional to rise of spirometer beU. 

If the expired air collected in the spirometer is to be analyzed the foUow- 
ing additional requirements must be met. 3. Change of gas composition by 
diffusion of CO 2 into the water use as sealing fluid must not be appreciable. 
4, Gases entering the spirometer must be able to mix so readily that gas 
layers of different composition do not form. 5. The spirometer when 
empty must have a dead space so small that the gas trapped in it can be 
readily washed out. 

1. Absence of resistance. The entrance of expired air must cause the bell 
to rise without more pressure diff'erence between the air inside and outside 
the bell than is indicated by a water column a few millimeters high. A 
water manometer may be attached to the intake tube of the spirometer, 

A counterpoise is used to balance exactly the weight of the bell at all posi- 
tions. The adjustment of the counterpoise is an important point which is 
discussed in a separate section below. 

To minimize resistance from inertia due to weight the spirometer bell is 
made as light as is compatible with rigidity. 
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Friction is reduced to a minimum by careful alignment of movable parts 
and the use of high class bearings, well lubricated. The water seal is made 
wide enough to permit the bell to rise and fall in it freely, and the bell 
is carefully aligned to prevent it from coming into contact with the metal on 
either side of the water seal. 

Even in a spirometer perfectly made and set up, resistance to respiration 
may at times occur from adhesions of valve leaflets, caking of soda lime, 
kinking of tubes, or collection in the tubing of water from condensation of 
vapor. Such obstructions may become manifest by either a gradual or a 
sudden increase in resistance. The location of the obstruction depends on 
the ingenuity of the operator. 

2. Constant ratio of hell rise to volume increase. In order that changes in 
volume of the gas in the spirometer shall bear a linear relation to the motions 
of the spirometer bell, the latter must be of uniform internal cross section 
area throughout its length. This is a matter which rests entirely with the 
manufacturer. If, when the bell is calibrated as described later, significant 
variation in the size of the bell at different levels is found, a correction curve 
must be prepared. 

3. Prevention of COt diffusion into water. To prevent measurable absorp- 
tion of CO 2 by the ring of water seal to which the gas in the spriometer is 
exposed, the ring should be as narrow as it can be, and still permit perfectly 
free movement of the bell as it rises and falls, The water level should never 
rise into the conical dome of the inside shell. As a further provision against 
CO 2 absorption it is well to keep the spirometer, when not in use, filled with 
gas approximating in CO 2 content the mixture which one intends to meas- 
ure or store in the instrument. In the Tissot apparatus for the determina- 
tion of respiratory metabolism, some of the expired air is allowed to remain 
in the spirometer after each determination. This keeps the water in the seal 
partially saturated with gas of the proper composition. As an additional 
precaution under unusual circumstances some fluid, such as glycerol or 
nearly saturated calcium chloride solution, in which CO 2 is much less soluble 
than in water (see footnote, page 86, chapter III), could be substituted for 
the latter in the seal, but in practice this precaution has not been found 
necessary. Salts tend to cause corrosion of the metal. 

4. Avoidance of layering. If the gas entering a spirometer formed layers 
of varying composition it would have to be mixed before a representative 
sample could be drawn. However, Carpenter (24) has found by tests that, 
wdth the Tissot spirometer, the motion with which expired air enters the bell 
is sufficient to assure mixing. When artificial gas mixtures are mixed in a 
spirometer a fan may be introduced into the apparatus. 
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5. Minwiizing dead space. To minimize dead space in the Tissot type of 
spirometer the water seal and the water level are so adjusted that when the 
spirometer is empty the seal is filled almost to the lower rin of the conical 
dome of the bell. The inner shell of the spirometer is constructed in such a 
manner that when the spirometer is empty the cone at the top of the inner 
shell fits into the dome of the bell. 

In the Benedict-Roth and Krogh (fig. 21 and 22) apparatuses for the 
determination of oxygen consumption by volume change alone, without 
analyses of the respired air, minimizing the dead space of the apparatus is 
not required. 


COUNTERPOISING THE SPIROMETER BELL 

Accurate balance of the weight of the rising spirometer bell must be ob- 
obtained at all levels. The Krogh or bellows spirometer (fig. 22) is balanced 
by a counterpoise lever equipped with a weight which can be adjusted by 
altering its distance from the fulcrum. In the bell type of spirometer (figs. 
19 and 21) the bell is usually suspended by a wire or string, which is at- 
tached to the center of the dome. Thence it passes up over a pulley to a 
counterweight which balances the weight of the bell. 

A small spirometer j such as the Krogh (fig. 22) or Roth-Benedict (fig. 21), 
of not more than 10 liters capacity, can be made with such a light bell that 
pressure differences at various levels are negligible if the bell is balanced in 
mid-position by means of a counterpoise. One method of adjusting the 
counterpoise is to connect the spirometer, in the mid-position, with the out- 
side air and adjust the weight of the counterpoise until the bell remains 
motionless. It is preferable, however, to adjust the weight with the aid of a 
water manometer connected with the air in the spirometer. The inertia 
and frictional resistance of the bell may be tested by moving it with the 
connecting tubing closed and noting by means of the water manometer the 
pressure when it comes to rest. The thermometer should be in place in the 
bell when the latter is balanced. 

With large spirometers, such as the Tissot, some device must be employed 
to compensate at different levels for the increasing buoyant effect exerted by 
the water on the bell as the latter sinks into the fluid. This effect makes the 
bell require a heavier counterpoise to balance it when it is out of the water 
than when it is hnmerised. The devices commonly employed for increasing 
the pull of the counterpoise as the bell rises are diagrammatically illustrated 
in figure 19. 

Figure 19, 1, shows a cross section of one side of the spirometer bell, 2, and 
its water seal, 1. When the bell is inomersed the water surface is at the 
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Fig. 19. General construction of Tissot bell spirometer and devices employed for auto- 
matic balancing of spirometer bells. 

I. Cross section of one-balE of spirometer, empty, showing the water seal 1, the side 
wall of the bell 2 and the inner shell. The water is at the level a, almost, but not quite 
reaching to the dome of the apparatus. The length ab of the shell is immersed. 

TI.. The spirometer has been partially filled with air so that the lower edge of the bell 
wall has risen from b to b'. The water level has consequently fallen from a to a' to fill the 
volume formerly occupied by the length bb' of the side wall of the bell. The apparent 
weight of the spirometer beU has increased by the weight of water equal in volume to the 
metal that has emerged. The fall in water level from a to a' does not occur when there is 
a device, like that shown in III, 7, to keep the water level constant. 

Ill, The general construction of a bell spirometer and an automatic compensating 
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initial level, a, the lower edge of the bell at level 1. Therefore the length ab 
of the bell is immersed and displaces a volume of water equal to the volume 
of immersed metal. In accordance with the law of Archimedes the pull 
on the wire is diminished by the weight of the displaced water. In II the 
bell has risen by the distance bb\ and the level of the water has fallen by the 
distance aa'. The walls of the bell have therefore emerged from the water 
by the distance bb' -f aa', and the pull of the bell on the supporting wire has 
been increased by loss of the buoyant effect of water on the metal formerly 
immersed. 

Tissot^s syphon compensating counterpoise. In order to compensate for 
the increase in weight of the emerging bell, Tissot (40) used a counterpoise, 
the weight of which was increased automatically by water siphoned into it as 
the bell rose. This device is diagrammatically represented in figure 19, III. 
The counterpoise consists of two parts, a lead weight 8 and a hollow metal 
cylinder 3. This cylinder moves over a rigid syphon tube 4 which is con- 
nected with the water seal of the spirometer by means of two arms of a 
Y-tube (fig. 19, III, 5 and 6). The third arm of the Y is connected with a 
reservoir which is so adjusted that the water in the seal is maintained always 
at the same level, a. This adjustment is aided by means of the overflow 
tube 7. The counterpoise is so adjusted that when the spirometer is empty 
and the water levels in both water seal and counterpoise tube are at a, 
the bell is exactly balanced. As the beU rises and the counterpoise cylinder 
falls, water passes into the latter from the water seal, the surface levels in 
both remaining constantly at a. The counterpoise cylinder is of such diam- 
eter that the weight of the water which it receives when the bell rises just 
balances the increase in weight of the emerging bell. 


counterpoise. The counterpoise consists of two parts, a simple weight 8 and a hollow tube 
3. By means of a rigid syphon tube 4 water is transferred between the counterpoise tube 
3 and the water seal of the spirometer in such a manner that the water level in the two is 
always the same. Therefore, when the bell rises water passes into the counterpoise to 
balance the apparent increase in weight of the bell. By the arm 5 of the Y tube the 
spirometer can be filled from a water reservoir which is also set, when the spirometer is in 
use, in such a manner that water enters the water seal through 6, to maintain the water 
level constant at a. 7 is an overflow tube which prevents the water level from rising 
above a. 

rV. Another automatic compensating device. The spirometer is suspended by a wire 
which is attached at point a and moves over the periphery of a circular wheel. The 
counterpoise is attached at point h by another wire which moves over a spiral arc so con- 
structed that, as the spirometer bell rises, the point at which the counterweight exerts its 
pull moves from a point nearer the center to one nearer the periphery of the spirometer 
puUey. 
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The area of the narrow circle which forms the inner cross section of the 
hollow counterpoise cylinder of figure 19, 3, must equal the area of the 
thin ring of metal that is represented by a horizontal cross section of the 
spirometer bell. Then every centimeter that the bell rises out of the water 
will cause to siphon into the counterpoise a volume of water which just 
equals the volume of metal that emerges. The weight of water thus added 
to the counterpoise therefore balances the loss of buoyancy of the bell. 

The necessary diameter of the counterpoise cylinder can be estimated 
either, 1, from the thickness and circumference of the metal wall of the 
bell, or 2, from the increase in weight shown by the bell as it emerges from 
the water. 

1. To estimate from measurements the area of metal cross section of the 
bell, one measures in centimeters the circumference, C, and, with calipers, 
the thickness, b. With sufficient accuracy the area. A, is then calculated as 
the length, C, of the metal strip times its thickness, b, in cm. 

A = C X b cm,2 

One then estimates the diameter, D, of a circle of equal area by the 
formula 



Example. If the circumference, C, of a bell is 150 cm. and the thickness 
of the metal wall is 0.1 cm., A = 150 X 0.1 = 15 cm.^, and 

D = 1.127 X VTS = 4.38 cm. 

The diameter, D, of the counterpoise cylinder which receives the syphoned 
water should, for this beU, therefore be 4.38 cm. 

Theoretically a more precise calculation would be made by estimating A by the formula 
for calculating the area of a ring, A = tt{RP — Rf), where Ri and Ri are the outside and 
inside radii of the ring, which in this case is a cross section of the metal cylinder of the bell. 
This calculation gives slightly smaller A and D values, but the difference, with a tMn, 
sheet metal bell, is not significant. 

2. To estimate the diameter of the counterpoise cylinder from the deter- 
mined increase in weight which the bell gains when it rises from the water 
one proceeds as follows. At first the bell is pressed down to its lowest 
position and while there is exactly counterpoised by a pail of shot, sand, or 
other adjustable mass at the end of the suspending wire, which is passed over 
a circular pulley. Then the bell is raised to its highest position, and brass 
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weights are added to the counterpoise sufficient to make the balance again 
perfect. The added weight, W, in grams, is used as follows to calculate the 
inner diameter, Z7, of the counterpoise cylinder which is to receive the syph- 
oned water. From Archimedes’ law, 

W == B X A 

where H is the rise of the bell in centimeters and A is the cross section of 
bell metal in square centimeters. Hence 



From A thus found D is calculated as in the example given above. Accu- 
rate estimation of D will probably be found easier by this method than by 
method 1. 

Compensating counterpoise on a spiral pulley. A somewhat simpler 
balancing device, which is now more generally employed, involves hanging 
the counterpoise from an eccentric pulley illustrated in figure 19, IV. The 
wire suspending the bell is attached at one point, a, on a circular pulley, 
while the wire supporting the counterweight, attached at another point, b, 
passes over a spiral arc on the side of the wheel. This arc is so arranged 
that, as the spirometer rises and its weight increases, the point at which the 
counterpull is exerted moves farther from the center. The spiral arc is so 
constructed that the change of leverage increases the pull of the counterpoise 
and exactly compensates for the increase in weight of the emerging spirom- 
eter bell. 

The dimensions of the spiral arc can be calculated as follows. According 
to the law of levers, as the weight of the emerging bell increases, the spiral’s 
radius, to the point, from which falls the wire supporting the counterpoise, 
must increase in the same ratio in order to maintain exact balance. If Rh is 
the radius of the spiral, to the point from which the wire falls to the counter- 
poise when the bell is at the bottom of the spirometer, and Rj is the corre- 
sponding radius when the bell is at the top, while Wb is the weight of count- 
erpoise balancing the bell when the latter is at the bottom, we have, from 
the law of levers, 

Rt : Rb = {Wb A-S A): Wb 

CALIBRATION OF SPIROMETERS 
A . Calibration by admission of measured volumes of air 

This method can be applied to spirometers of either the Krogh or Tissot 
type. Successive known volumes of air are introduced and the rise of the 
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indicator point on the spirometer scale is noted. From the results the value 
of the constant K in the formula. 

Liters gas = K X (millimeters rise of bell) 

can be computed. If the cross section of the bell is not uniform at ail levels 
the fact will be revealed by variations in K, and an empirical curve can be 
drawn indicating the gas volumes corresponding to different scale readings. 

The introduction of known volumes of gas can be effected with ease by 
means of the apparatus illustrated in figure 20, V. This consists of an 
aspirator bottle the lower opening of which is connected by rubber tub- 
ing with a large graduated leveling bulb or burette. In the upper open- 
ing is inserted, through a rubber stopper, a three-way stop-cock and a 
thermometer. One of the free ends of the stop-cock is connected with 
the spirometer, the other opens into the air of the room. Enough water 
is introduced into the bottle to cover the lower opening when the leveling 
bulb is full. The spirometer bell is lowered to the zero point. With the 
bottle stop-cock open to the room air the leveling bulb is filled to the 
desired mark, with the water in bottle and bulb at the same level. 
The stop-cock is then turned to connect the bottle with the spirometer, 
the desired volume of air is introduced by allowing that volume of 
water to pass from bulb to bottle. Water levels are in both vessels 
equalized, and the stop-cock is closed. The spirometer scale and the 
temperature of the air in the spirometer and that in the bottle are now 
read. The operation is repeated until the spirometer is filled. 

If the temperature in bottle and spirometer are the same the spirometer 
volume at any point is the simple sum of the volumes measured from the 
bottle. If the temperature of the spirometer differs from that in the bottle 
a correction must be introduced, which may be calculated by means of the 
following equation: 

^ Vi {B - Wd n 

' (B - W^) Tx 

Where Fi is the volume of gas measured in the bottle at (B — Wi) and Ti, 
F 2 is the same volume of gas after it has entered the spirometer where the 
temperature is Tz and the pressure B — Wz. For values of W see table 18, 
page 163. In both bottle and spirometer the gas, because it is in contact 
with water, is saturated with water vapor. 

Another means for introducing measured portions of gas is a pump' 
(see fig. 20, IV) devised by Benedict (11). It permits rapid calibra- 

* This pump can be secured from W, E. Collins, 584 Huntington Avenue, Boston, Mass. 
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tion of large spirometers with considerable accuracy. It is built on the 
principle of an automobile grease gun and equipped with a three-way 
stop-cock. The pump is so constructed that it is air tight; the piston 
rod is prevented from twisting or turning in the barrel by the introduc- 
tion of a key which is soldered to the top of the barrel and works in a slot 
in one side of the piston rod. The length of stroke is fixed by establish- 
ing metal to metal contacts at both ends of the stroke. When the 
handle is driven home it comes in contact with the key; when it is 
drawn out to its fullest extent a metal collar near the lower end of the 
rod strikes against the inside of the top of the pump. The pump is cali- 
brated by discharging a definite number of strokes into an apparatus 
similar to that illustrated in figure 20, V, and measuring the amount of 
water displaced. For this purpose and for calibrating spirometers the 
air is drawn in over water through one opening of the pump stop-cock 
and delivered through the other into the spirometer or bottle. The 
pump must be absolutely air tight. The simplest way to test it is to 
produce slight pressure inside the pump and to note on a water manom- 
eter whether the pressure is sustained. 

B. Calibration by measurement of cylindrical bell 

If the bell is of circular cross section and of constant bore from top to 
bottom, it can be calibrated merely by measuring the circumference with 
a tape, and the thickness of the wall with calipers. 

From the circumference, C one calculates the outside radius from the cen- 
ter of the bell to the outside of its wall, as 



The radius of the cylindrical space inside the bell is 
Ri — Ra — (thickness of wall). 

Hence when both C and R are expressed in centimeters the area of the inner 
cylinder in square centimeters is: 


Area = ir Ri^ 


and 


V = E X Area = H ir Ri^ 

where V is the volume in cubic centimeters of gas which the spirometer ad- 
mits and H is the corresponding height in centimeters that the bell rises. By 
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this method one can calculate the volume change equivalent to a given 
change in the height of the bell. The value 7 ri?i^ is the apparatus constant, 
by which any reading of H is multiplied to obtain V. This method is 
advocated for the calibration of the Tissot spirometer by Boothby and 
Sandiford ( 17 ). 


ESTIiI.ATION OF INSTRUMENTAL DEAD SPACE 

It is often necessary to know accurately the gas volume held by connecting 
tubes and other immovable parts of respiratory apparatus which can not be 
measured directly by the volumetric methods described above. The volume 
capacity of tubing can often be estimated with sufficient accuracy by calcula- 
tion from measurements of bore and length. For parts of irregular contour 
the most practical method is the admixture of a known volume of some 
gas such as CO2 or Ho, with the air contained in the dead space. The meas- 
ured gas is caused to mix with air throughout the connecting tube or other 
parts of which the volume is sought, and a sample of the mixture is analyzed 
for the gas which was introduced. From the concentration of this gas the 
volume of the instrumental dead space may be computed by the formula: 


X 


too — per cent G 
per cent G 


where Vn is the volume of the dead space, Vg the volume of gas (CO2 or Hj) 
mixed with the air in the dead space, and per cent G is the per cent of the 
gas (CQ2 or H2) found in the final mixture of gas and dead space air. 


ALCOHOL CHECKS FOR THE CONTROL OF METABOLISM APP.A.RATUS 

No amount of care taken in the manufacture, calibration and manipula- 
tion of the apparatus can give the sense of assurance that comes from an 
accurate control determination of the oxygen consumed in the combustion 
of some known substance. For this reason ^^alcohol checks” have become 
the accepted criteria and are cited by the most careful observers as evidence 
of technical accuracy. They should be carried out before new apparatus is 
used, and whenever there is reason to believe that its accuracy requires 
confirmation. 

An alcohol check is carried out by burning a known quantity of ethyl 
alcohol in a device connected with the respiratory apparatus. The O2 
consumed, or the CO2 produced, or both, are determined in a manner similar 
to that followed when the apparatus is used to measure respiratory metabo- 
lism. In the alcohol check determination a special alcohol burner is substi- 
tuted for the subject connected with the respiratory apparatus. 
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Benedict (11) has devised for the determination of alcohol checks an 
ingenious apparatus which can be adapted to any of the various types of 
instruments used in the measurement of respiratory metabolism. The 
apparatus is illustrated in detail, as assembled for use, in figure 20, 1, II, 
and III. It consists of a calibrated microburette connected by a fine 
rubber tube to a length of capillary glass tubing in the upper end of 
which is inserted a fine asbestos wick. The capillary tube with its wick 
acts as a burner and is inserted in a glass lamp chimney which is set 
in a water seal below. Mica bafiie plates above and below the burner 
protect it from drafts. The air or oxygen passes into the chimney from 
below and escapes above through a tube which passes through a rubber 
stopper in the top of the chimney. The current of air or oxygen is main- 
tained by means of a small spirometer which serves as a pump, and is 
activated by the lever of a Ford wind-shield cleaner. The same motive 
power by means of ratchet gears gradually raises the alcohol burette 
which is suspended by a string. This keeps the alcohol feed constant 
throughout the determination. The wind shield cleaner is run by 
laboratory air pressure or vacuum, or by a suction pump. 

In practice the alcohol check machine is attached in the place of the 
patient to the metabolism apparatus. The flame is lighted and burner, 
bmette and the small spirometer which acts as an artificial lung are ad- 
justed so that the flame bums smoothly and air current and oxygen con- 
sumption proceed at a rate approximating that of a usual metabolism 
determination. When adjustment is complete the metabolism appara- 
tus is set as for a regular determination and run for a period of tune 
measured by a stop-watch. Burette readings are made at the beginning 
and at the end of the run, to measiue the volume of alcohol burned. 

C 2 H 5 OH •-{- 3 O 2 = 2 CO 2 4" 3 H 2 O 


^ = R. Q. = a = 0.67. 

U2 

The molecular weight of alcohol is 46. Therefore, for 1 mole (46 grams) 
of alcohol, 3 moles of Oo (3 X 22.4 = 67.2 liters of O 2 ) will be consumed and 
2 moles of CO 2 (2 X 22.4 = 44.8 liters of CO 2 ) will be produced. Or the 
combustion of 1 gram of alcohol involves the consumption of 


67.2 

— = 1.46 liters of O 2 . 
46 



192 


RESPIRATORY METABOLISM 


and the production of 


44.8 

46 


0.974 liters of CO 2 , 


The exact strength of the alcohol must be determined by measurement of 
specific gravity or refractive index with the aid of standard tables. From 




Fig. 20. Alcohol check apparatus of Benedict (10) and devices for calibrating spirom- 
eters (11). 

l. Burner. A, glass lamp chimney in water seal in brass cup. B, a, glass burner; c, 
mica disk, and b, baffle plate for protection of flame; e, rubber stopper. 

II. TVind-shield cleaner, artificial lung and burette. A, wind-shield wiper with rocker 
arm, a; b, rubber tubing connecting with vacuum or compressed air line; tn, screw to con- 
trol motion of wind-shield wiper; h and c, pulleys; B, bell of spirometer acting as counter- 
weight; d and e, worm gears actuating wooden spools, wi and « 2 ;/, pawl permitting move- 
ment of pulley, c, in only one direction. 

m. Alcohol check apparatus of Benedict assembled. 

rv. Benedict (11) pump for cahbration of respiratory apparatus. 

V. Simple device for calibration of spirometer. 

these data the volume of alcohol burned during the run can be converted 
into terms of grams of C 2 H 5 OH (see table 10 in chapter I). 

The observed oxygen consumption and CO 2 production should not differ 
from theoretical by more than 1 per cent in a satisfactory test. 
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BASAL METABOLISM 

In the chapter on total metabolism in volume I it has been shown that the 
heat production and the nature of the fuel consumed by the body can be 
estimated by measuring the oxygen consumption, the carbon dioxide pro- 
duction, and the nitrogen excretion, the last serving as a measure of the pro- 
tein burned. The theoretical considerations on which this conclusion are 
based have been discussed in that chapter. 

Possibility of estimating basal metabolism from only oxygen intake or carbon 

dioxide output 

For the determination of total metabolism under varied conditions only 
apparatus which permits determination of both oxygen consumption and 
carbon dioxide production is exact. The number of calories produced per 
liter of O 2 consumed or CO 2 produced varies with the respiratory quotient, 
as shown in table 19. Unless both CO 2 output and O 2 intake are known one 
therefore does not know by what factor to multiply the liters of O 2 consumed 
or CO 2 excreted in order to estimate the calories produced. However, in the 
resting, post-absorptive state used for basal metabolism observations, most 
individuals except those with severe diabetes burn much the same food mix- 
ture, yielding respiratory quotients which are relatively constant between 

0.80 and 0.85. Under these circumstances it may be assumed that the 
respiratory quotient, and consequently the caloric values of oxygen and of 
carbon dioxide, are fairly constant. 

Under the conditions of basal metabolic rate determinations therefore, 
either O 2 intake or CO 2 output alone can be used as an approximate measure 
of the heat production. The use of O 2 intake is, however, subject to pre- 
sumably less error than that of CO 2 output, for the following two reasons: 

1. The caloric value of a liter of O 2 consumed varies, for a given change in 
R. Q., only about one-fourth as much as the caloric value of a liter of CO 2 
produced. Thus from table 19 one sees that changing R. Q. from 0.80 to 
0.85 changes the caloric value of O 2 only from 4.801 to 4.862, or 1.3 per 
cent, while the caloric value of CO 2 changes from 6.002 to 5.722, or 4.7 per 
cent. 

2. Because of the large reservoir of loosely bound CO 2 in the body, any 
acceleration of breathing results in a temporary increase in the rate of CO 2 
output, due to pumping CO 2 out of the reservoir and not to increased CO 2 
formation. Later there occurs a compensatory period of retarded CO 2 
output during which the reservoir is refilled. Changes in respiratory rate 
have much less effect upon O 2 intake, since the only important reservoir of 
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loosely bound O 2 is the relatively small one of the blood hemoglobin. This 
is normally 95 per cent saturated in the lungs, and acceleration of breathing 
can not make the arterial blood take up appreciably more oxygen. 

For these reasons all routine clinical procedures in general use for basal 
metabolic rate determination by a single gas measure the O 2 consumption 
rather than the CO 2 output. 

The rate of CO 2 output can, however, be measured very simply, and King 
(31) has collected data, from observations in which both CO 2 and O 2 were 
both determined, indicating that, under the conditions of basal metabolic 
rate measurement in non-diabetic subjects, CO 2 output may be as accurate a 
measure of metabolism as O 2 intake. It may be that CO 2 production has 
been unjustly neglected for basal metabolic rates, and that the possible 
errors above discussed are not actually important under the special condi- 
tions employed.^ 

Preparation of subject for basal metabolism determination 

The factors which affect respiratory metabolism in general have been de- 
tailed in the chapter on total metabolism in volume I. Only those in- 
volved in the preparation for basal metabolism determination will be de- 
scribed here. 

Food. It is generally held that no food should be eaten for at least 14 
hours prior to the determination of basal metabolism. Benedict and Bene- 
dict (b) have, it is true, shown that a small meal containing no ketose sugars 

® King (32) states that the CO 2 method gives satisfactory results in basal metabolic 
rates except in severe diabetes, where the respiratory quotient is below 0.80 and maybe 
near 0.70. With regard to the effect of variable breathing rate he states: “It is well 
known that a nervous subject may superventilate the lungs to such a degree, that carbon 
dioxide is washed out of the blood in excess of the amount that is being formed in the sys- 
tem during the test. In such a case there is an excessive elimination of the gas for the first 
period of the test, whether it be ten or fifteen minutes or less. I have found, however, 
that the available excess of carbon dioxide in the blood is washed out under such conditions 
in a short time, the e.xact time depending upon the degree of superventilation. If a second 
period be carried out it is found that there is a marked falling off in the carbon dioxide 
output as compared with the first period, even though superventilation be persisted in. 
For this reason two periods are always advisable as against one in using the carbon-dioxide 
collection method. If results for the two periods agree within 10 per cent, the effects of 
possible sup erven tilation are negligible. If a difference exceeding 10 per cent is obtained a 
third determination practically always shows a reading about half way between the first 
two readings. This is due to the tendency of the body to store during the second period an 
amount of carbon dioxide to compensate for the amount that was washed out in the first 
period, for usually the superventilation ceases after a comparatively few minutes, owing 
to the induction of a tendency to apnea.” 
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and minimal amounts of protein does not produce any measurable change 
of the metabolism of normal individuals. The meal which they propose 
consists of 200 cc. of caffeine-free coffee sweetened with saccharine, 30 grams 
of medium cream and 25 grams of potato chips. As they point out, it is not 
safe to conclude that such a meal, because it does not influence the metabo- 
lism of normal persons, will be equally without effect on patients with dis- 
eases of various kinds. For this reason it is safer to adhere to the generally 
accepted rule permitting no food to be taken between the evening meal 
of the preceding day and the time of the metabolism determination. Other 
permissible breakfasts have been proposed (5, 39). Stimulants and drugs 
should be avoided. Krogh (34) believes that a more accurate measure of the 
basal metabolism is secured if the subject subsists for one or more days pre- 
ceding the test on a low-protein, high-carbohydrate diet. To introduce such 
a preliminary period as part of the routine clinical procedure is, however, 
not generally practicable. 

Rest. The subject should be completely at rest and in a recumbent or 
reclining position during the test. The ideal condition is to make the test 
before the subject has arisen in the morning. When this is impossible the 
subject should rest in the reclining or recumbent position for at least thirty 
minutes before the determination is begun. One-half hour gives time 
enough for the efl'ects of the usual walk to the place of examination to disap- 
pear in normal individuals (15). In patients a longer period is often neces- 
sary, especially if they are suffering from diseases which affect the circula- 
tory or respiratory system. Both pulse and respirations should be allowed 
to reach a constant minimal rate before the determination is begun. Hoiv- 
ever, too long a delay may cause nervousness and restlessness. 

Mental quiet is as important as physical rest. During the preliminary 
period the subject should be protected from all environmental stimuli and 
causes for anxiety. It is sometimes necessary to emphasize the harmless 
nature of the test itself. Although complete physical and mental repose is 
desirable, the subject should not be allowed to sleep during the determina- 
tion, because the metabolism during sleep is 8 or 9 per cent lower than dur- 
ing the waking basal state. 

Practice tests. Few untrained subjects, when a mouth-piece or mask is 
first applied, fail to exhibit abnormalities of respiration. Usually these 
abnormalities are transient, disappearing in a short time as the subject 
appreciates that there is no danger of smothering and no interference with 
respiration. Occasionally the initial disturbance is so great and prolonged 
that it is impossible to secure an acceptable determination on the first day. 
In any case it is well to go through all the motions of a test in order to 
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accustom the subject to the procedure so that succeeding measurements may 
be undisturbed. 

When a mouth-piece is to be used this is first applied and adjusted to 
the comfort of the patient. When he has become accustomed to the 
mouth-piece, the nose-clip is applied. While the observer is testing 
for and excluding leaks about the mouth and nose a further opportunity 
is given for the subject to become used to the procedure. He is then 
connected with the apparatus. It is usually well, by means of a cut-off 
valve, to permit him to breathe room air for a short period before com- 
mencing the determination. Finally, when the respirations are quiet 
and perfectly regular, the valve is turned and the determination begun. 

In no case should the result of a single determination be accepted. 

Control of activity. A record must be kept of activity during the test. 
All movements of the subject must be noted. Any undue restlessness is 
cause for discarding the results of a determination. Such restlessness is less 
likely to occur if the utmost attention is given to the comfort of the subject. 
Variability of the pulse or respirations or any striking change in the char- 
acter or rate of either during the course of the test casts suspicion upon its 
validity. 

Subjective and objective errors. Objective sources of error, proceeding from 
leaks or other faults in apparatus or analytical technique, give values that 
may be either too high or too low. Subjective sources of error, proceeding 
from abnormal respirations, insufficient rest, restlessness or nervousness, are 
more likely to yield high than low values. If, therefore, the results of dup- 
licate determinations differ by more than 5 per cent and technical errors 
can be excluded, it is preferable to accept the lower result rather than the 
higher or an average of the two. In such circumstances, however, the de- 
termination should be repeated before any definite conclusions are drawn. 

Graphic recording devices facilitate the detection of respiratory abnormal- 
ities and the respiratory record should be given due weight in the evalua- 
tion of the results of any test. Basal respiratory quotients greater than 1.00 
or less than 0.71 indicate overventilation or abnormally restricted breathing 
respectively, and can not be used in calculation of oxygen consumption. 

DETERMINATION OR OXYGEN CONSUMPTION AND CARBON DIOXIDE PRODUCTION 
WITH THE TISSOT (40) OPEN CIRCUIT APPARATUS (2, 17, 22) 

Principle 

The subject through a mouth-piece or mask equipped with three-way 
. valves inspires outdoor air, which is preferable to ordinary room air because 



USE OF TISSOT APPARATUS 


197 


of more constant composition, and exhales into the spirometer. The expired 
air is collected in the spirometer for a known period of time. A sample, 
taken from the spirometer, is then analyzed. From its volume and CO2, 02, 
and N2 content, compared with the composition of the outdoor air inspired, 
the consumption of O2 and production of CO2 can be calculated. 

The spirometer used, of the type shown in figure 19, should be capable of 
receiving at least 80 liters of air, in order to make possible the use of periods 
not shorter than ten minutes. 

Details of procedure 

Before the test the spirometer is emptied. The subject is prepared in 
the usual manner for metabolism determinations. The nose-clip and 
mouth-piece, or the mask with its air-valves attached, is applied and 
connected with the source of inspired air and with the apparatus. The 
latter should be equipped with a three-way cut off valve near the subject, 
which diverts the expired air from the spirometer into the room until 
the actual determination is begun. When the subject is comfortably 
adjusted and breathing naturally this valve is turned to direct the 
expired air into the spirometer. After a few liters have been collected, 
the valve is again turned and the collected air is expelled from the 
machine. This procedure is repeated two or three times. It serves a 
double purpose : it accustoms the subject to breathing into the spirom- 
eter, and it washes the atmospheric air out of the instrumental dead 
space with expiratory air. 

When the dead space has been thus washed out the spirometer is 
again set at the zero mark. The operator, with a stop-watch in one hand 
and the inlet valve in the other, waits until the subject is breathing 
quietly. At the end of an inspiration he turns the spirometer cock to 
divert the expired air into the spirometer, at the same time starting the 
stop-watch. After approximately ten minutes, or when the spirometer 
is almost filled to its practical capacity, at the end of another inspiration 
the valve is turned back and the stop-watch is stopped simultaneously. 

Readings are made of the volume and temperature of the gas in the 
spirometer. A sample of the gas is then withdrawn in a sampling bulb. 
(The cock from which air samples are withdrawn from the spirometer is 
sometimes placed on the inlet tube, preferably on the bell.) Before a 
sample is taken some of the gas in the spirometer is wasted to wash out 
connecting tubes. After the first sample has been withdrawn, and be- 
fore the duplicate sample is taken, further gas may be wasted and the 
second sample drawn from the half emptied spirometer, to insure against 
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errors from layering in the spirometer- If, however, the subject has 
breathed normally and regularly throughout the test, the composition of 
the gas mixture should be so uniform that errors from layering are 
impossible :24:. 

The spirometer is now emptied completely in preparation for the du- 
plicate test, which is carried out like the first. 

The gas mixture is not allowed to stand in the spirometer longer than 
necessary before sampling, because slow diffusion, especially of CO 2 , 
takes place between the gas mixture and atmospheric air through the 
water seal. 

The samples are analyzed for CO 2 , O 2 , and No, as described in the 
chapter on analysis of gas mixtures. 


CiilcHlaHoH of rtsidis from Tissoi apparatus 

The lolnme of expired air observed in the spirometer is reduced to 0°, 760 
nini. by multiplication with the factor 

B - ir 

760 (1 -P 0.00367 /)’ 

for which values are given in table 15 on page 129 of chapter III. Repre- 
senting the observed volume of e.vpired air in the spirometer as V 06 ,., and the 
volume reduced to O', 760 mm. as Vatv 

~ Obs. ^ 760 (1 + 0.00367 i)' 

The iolumc of ibispired air is usually somewhat greater than that of the 
expired air measured in the spirometer. The volume change is due to the 
fact that whenever the R. Q. is less than 1.00, as is usually the case, the O 2 
removed from the air in the lungs is only partly replaced by CO 2 . In conse- 
quence the total air volume shrinks, and the No content increases propor- 
tionally. Hence the change in Ne percentage from the value 79.04, which 
it has in atmospheric air, enables one to calculate the volume of inspired air 
from that obser\-ed of the expired. 

^ Per cent N2 in expired air 

■Mrinsp. ~ ^ air exp. ^ 70 a. 


^ Oj imp. 


Per cent O2 in inspired air 


X V 


air insp. 


100 
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The oxygen content in inspired air is 20.93 per cent, except, as stated 
I'.efore, in winter in a place as congested as New York. For ordinary condi- 
tions one can therefore calculate: 

20.93 

= y V . 

Oiinsp. ^QQ air tttsp. 


Per cent Oo in expired air 
V — V V 

Oz exp. jQQ ^ air exp. 

0. consuiiicd = Vozinsp. “ ^Ozexp. 

Similarly 

Per cent CO 2 in outside air 
V y V 

COziitsp. IQO ^ air ins p. 


0.03 

Tw 


X for ordinary fresh air. 


' COz e.xp. 


Per cent CO 2 in e.xpired air 
100 


X V 

^ air exp. 


CO 2 produced = VcOzexp. ~ ^COzinsp. 

CO 2 produced 

respiratory quotient, R. Q. 

Oo consumed 

The calculation of the calories produced per hour is discussed below. 


USE OF CLOSED-CIRCUIT APP.ARATUS FOR THE DETERMINATION OF OXYGEN 
CONSUMPTION ONLY^ 

Details of apparatus 

The general principles of the apparatus are illustrated in figure 21, a 
schematic diagram of the Roth-Benedict {38) apparatus. It consists essen- 
tially of a circuit of tubes in which the air current is directed by means of 
two flutter- valves. The expired air passes, by way of the inlet tube, through 
an absorber containing soda lime, into a spirometer in which it becomes 

* The most popular machines of this t 3 T)e are the Roth-Benedict (38) made by Warren 
E. Collins, Boston, Mass.; the Sandborn Graphic, made by Sandborn, 1048 Common- 
wealth Avenue, Boston, Mass.; and the Krogh (33, 34) sold by H. N. Elmer, Chicago, 111. 
All these are equipped with graphic recording devices and all depend on valves for the 
maintenance of circulation. Sandborn has recently advertised a graphic machine in 
which the circulation is maintained by means of a fan. „ . 
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mixed v.'ith oxynen. It then passes out through an opening in the bottom 
of the spirometer to the outlet tube %vhich conducts it back to the subject. 
The spirometer is carefully kilanced and calibrated. The volume of gas 
can be read from the millin'-eter scale, e, on the right by means of a 
pointer attached to the counter weight d. To the same weight is attached 
the pen which writes un the kymograph drum. The spirometer bell has a 
volume ot about S liters. 

The threc-'.vay valve, u interposed between the subject and the apparatus, 
although not regularly included in the apparatus, is a convenient addition. 
It can be used to divert the respiration to the room air before and after a 
deiermiriation, or momentarily during a determination, wdthout remo\dng 
the ntouth'piece. It is convenient in testing for leaks. 

Through stop-cock b oxygen can be introduced. The same stop-cock 
pe.miits the withdrawal of samples of air for analysis. 

Stop-cock c is used to drain the water from the spirometer when the water 
in the seal needs to be changed. 

A themometer/ inserted in the top of the bell, indicates the temperature 
of the gas. 

Testing the Apparatus. The calibration of the apparatus should be 
carefully verified by the usual methods used for the calibration of spirom- 
eters. To test for leaks, valve a is closed, or the mouth-piece tube is 
closed with a rubber stopper, the temperature and volume of the gas in 
the spirometer are read, and a weight of about 100 grams is placed on the 
top of the spirometer. After a period of fifteen to thirty minutes the 
weight is removed and the temperature and volume of gas are again read. 
The volume will diminish if the apparatus leaks, (allowance must, of 
course, be made for temperature changes). If the gas mixture in the 
apparatus contains appreciable amounts of carbon dioxide this will be 
slowly absorbed by the water in the water seal during the test with a 
resultant diminution of gas volume that will simulate a slight leak. 
Such COo absorption differs from a leak, however, in the fact that it is 
not continuous, but rapidly self-terminative. 

Soda-lme. The soda lime used in the absorber must be finely enough 
subdivided to afford a large absorbing surface, but not so fine that it offers 
undue resistance to the passage of air. It must also be of such a quality 
that it does not easily become caked. The most satisfactory results have 
been secured by using 4 to 8 mesh “Wilson” (41) soda-lime, which has a high 
moisture 1 15 to 19 per cent) and low alkali (5 per cent) content. Roth (38) 
states that 3 pounds of soda lime in the Roth-Benedict apparatus will suffice 
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for 60 to 70 ten-minute tests. If the efficiency of the absorber is in doubt it 
can be tested in one of two ways: 

1 Immediately after a test run valve a is closed. The spirometer is then 
alternatelv raised and lowered a slight distance by hand (not so far that the 
water from the seal is splashed into the soda lime or room air permitted to 
enter the apparatus) to mix the air in the spirometer and to drive it slowly 



Fig. 21. Diagrammatic representation of the Roth-Benedict apparatus for the deter- 
mination of basal metabolism. 

around the circuit. If the soda lime is not efficient the gas in the spirometer 
will contain an appreciable amount of COg which will be absorbed gradually, 
causing the volume of gas to diminish. 

2. At the end of a test a sample of gas may be taken through the stop-cock 
h and analyzed for carbon dioxide. 

If the soda lime is grossly inefficient the volume of air breathed per minute 
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iiv ilie sul2ect. arnl usually the depth of individual respirations, will increase 
stcaflilv durinu the course of a determination because of the stimulating 
crit-ct of the accumulating carbon dioxide. This rise in ventilation mav 
never become great enough to cause subjective distress or to become appar- 
ent to the observer's eye. but is easily detected on a kymographic tracing. 

W'iiso.n ;4i suggests e.xaniining the soda lime at frequent intervals and 
replacing only that portion of it which has become moist and caked. This is 
more ecunumical than less frequent periodical replacement of all the soda 
lime. 

Procedure 

If a kymographic device is used enough oxygen is admitted to the 
spirometer from an oxygen tank (equipped with reducing valves) con- 
nected with stop-cock h to bring the writing point to a convenient level 
near the bottom of the paper. The kymograph and time recorder are 
started and the pens tested- The patient, after the usual preparatory 
procedures, is connected with the apparatus. During the run the bell 
oscillates with each respiratory cycle, producing on the k5nnograph a 
record of the individual respirations. As the oxygen is absorbed the 
bell gradually falls and the kymographic record rises. When the latter 
approaches the top of the paper fresh oxygen may be admitted and a new 
test begun at once. The temperature of the gas in the spirometer is 
read at the beginning and end of each determination by means of the 
thermometer-/. 

It is not well to carry out more than two determinations without an 
interruption. During such an interruption it is ad\dsable to disconnect the 
subject from the apparatus to afford him a rest from the mouth-piece and 
nose-dip. 

In a satisfactory determination the record on the kymograph should be 
regular and should ascend in an even slope. The slopes of the records of 
duplicate determinations should be equal. 

If no recording device is used a slightly different technique is em- 
ployed. In this case the test must be begun and ended with the subject 
in the same phase of respiration (as a rule, at the end of a normal ex- 
piration), to avoid changes between initial and final readings due to 
variations in the volume of gas in the patient’s lungs. The spirometer is 
filled with oxygen in the usual manner. By means of valve a the patient, 
although connected with the apparatus, is at fihst permitted to breathe 
room air. The temperature and volume of the gas are read by means of 
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thermometer / and scale e respectively. At the very end of a normal 
expiration the observer turns valve a to connect the subject with the 
spirometer and at the same instant starts a) stop-watch. When the 
volume of oxygen has diminished as. far as is practicable, the valve is 
turned at the end of an expiration, “^and the stop-watch is stopped. The 
temperature and volume of the gas are again read. 

Calculation 

If a graphic device is used the kymographic paper is removed from the 
drum and spread on a flat table. With a straight edge a line is drawn along 
the lower border of the kymographic tracing (extreme expirations). If the 



Fig. 22. Krogh’s (33, 34) spirometer for the determination of basal metabolism. 1 , 
outlet tube; 2 , inlet tube, both connect with valved mouth-piece; 3 , kymographic drum 
4 , clockwork motor to drive kymograph; 7 , counterpoise; 8 , pet-cock to drain off water of 
condensation or to permit sampling of residual gas. The soda lime container has a capac- 
ity of 8 liters. 

test has been satisfactory the expiratory points should lie along a smooth 
Ime. The height by which this line rises above the base line in a given per- 
iod is a measure of the oxygen consumed in that time. The mathematical 
conversion of this measurement to terms of volume of oxygen at standard 
conditions (0°, 760 mm.) depends upon the type of machine employed. If 
no graphic device is used the oxygen consumption is calculated from the 
difference between the readings on scale e, (fig. 21) before and after the test. 

If, as is customary, it is assumed that the respiratory quotient is 0.82, 
each liter of consumed O 2 , calculated to 0°, 760 mm. (see table 19, p. 206) 
represents 4.825 calories. If Krogh’s (34) high carbohydrate diet has been 
given on preceding days a caloric value of 4.9 calories per liter of O 2 (R. Q. 
= 0.89) is used instead. 

In apparatus like the Roth-Benedict, without a circulating pump, a small 
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amount of CO 2 usually reniain5"unabsorbed for a time after the determina- 
tion, Ho'.vever, the percentage of residual CO 2 remains relativeh’ constant 
while the apparatus is in use; therefore, if a short preliminary run is made, 
the error from unabsorbed carbon dioxide is negligible because it affects 
equaih' the initial and nnai readings. 

Kro^h's ' 33, 34; apparatus, illustrated in figure 22, utilizes the same prin- 
ciples as the Roth-Benedict. It is, however, equipped with the bellows type 
ot spirometer. 



Fig. 23. Hagedoni’s (2S) closed circuit apparatus with graphic device for the deter- 
mination of respiratoiy metabolism. 

HAGEDORN (28) CLOSED-CIRCUIT APPARATUS WITH GRAPHIC DEVICE FOR 
RECORDING BOTH COo AND O 2 

Hagedorn (28) has described an ingenious form of closed circuit apparatus 
which provides a graphic record of respirations, CO 2 production, and O 2 
consumption. The principle of the apparatus was first employed by Han- 
riot and Richet (29a). The latter authors originally used three gas meters 
of equal size. One measured the volume of the inspired air, another that 
of the expired air, and the third that of the expired air after its carbon 
dioxide had been removed. The difference between the second and third 
volumes represented carbon dioxide produced; the difference between the 
first and third represented oxygen consumed. Differences in the speed or 
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rressure in the gas meters introduced errors in gas measurements. To 
■,';,viate this difficulty Hagedorn has connected in series two equal balanced 
fjirometers of the Krogh type, one containing a soda-lime absorber for 
reraoval of CO 2 , and two equal gas meters driven at a constant rate by a 
r::otor to v/hich the\' are connected by a single shaft. 

This apparatus is diagrammatically represented in figure 23. The meters 
are immersed in a common water bath in which the level of water can be 
aijusted so that it is the same in both meters. The two spirometers, 
cQuipped with recording pens, are connected in series with the gas meters in 
a closed circuit. The subject is connected with the circuit at one point. 
The motor-driven gas meters produce a constant circulation through the 
mparatus. The air passes through gas meter 1 to spirometer 1, containing 
the soda-lime, then through gas meter 2 to spirometer 2 and back to the 
sabject. The subject is connected with the circuit by a side-arm between 
spirometer 2 and gas meter 1. 

By means of a writing device the motions of both spirometers are recorded. 
.■Is in other closed circuit machines, air enriched with oxygen is employed. 

The gas meters and spirometers must be so exactly balanced that the 
pressure in aU units remains the same throughout. 

Carbon dioxide production and oxygen consumption are calculated from 
the changes in the volumes of gas in the two spirometers. 


CALCULATION OF TOTAL METABOLISM 

For the calculation of total metabolism one must know not only the 
amounts of oxygen consumed and carbon dioxide produced, but also the 
rate of protein catabolism. 

From the data secured by means of respiratory metabolism apparatus 
the CO 2 production and O 2 consumption per hour are estimated by the 
formulae 


Id 


60 (O5 consumed) 
(time of test in minutes) 

60 (CO2 produced) 
(time of test in minutes) 


O2 per hour. 


CO2 per hour. 


The protein metabolism is calculated from the nitrogen excreted in a given 
period of time (usually one or two hours) including the period of the respira- 
tor\' metabolism test. 


( 3 ) 


60 (N in urine) 

(time of urine collection in minutes) 


N per hour. 



.\nai*v^is 


TABLE 19 


riEi OXiDATION- OF MlXTURFS OF CARBOHYDRATE AND FaT (frOM 
Lush ( 35 ) 





prlHCENTAGE O? TOTAL llEAT 
PROttVCEV BY 

C.-tLOSlES PER LIIEh OP 



lA: 

Carbohydrate 

1 Fat 

i O- 

j CO, 



- 

*5'j 

1 (4) 

(5) 

(6) 

0. ru7 

u 

IfKJ 0 

0 

; 100.0 

4.686 

6.629 

0.71 

1 . U2 

99 U 

1.10 

1 98.9 

4.690 

6.605 

0.72 

4.44 

95.6 

4. 76 

95.2 

4.702 

6.533 

0. 73 

7 . ^5 

92.2 

S.40 

91.6 

4.714 

6.459 

0.74 

11.3 

SS.7 

12.0 

88.0 

4.727 

6.3SS 

0.75 

14.7 

S5.3 

15.6 

84.4 

4. 739 

6.320 

0,70 

IS. 1 

SI. 9 

■ 19.2 

SO. 8 

4.751 

6.252 

U . 77 

21.5 

7S.5 

! 22.8 

77.2 

4.764 

6.1S6 

0. 7S 

24.9 

75 , 1 

! 26.3 

73.7 

4.776 

6.122 

0.79 

23.3 

71.7 

! 29.9 

70.1 

4.788 

6.062 

O.SO 

31.7 

6S.3 

i 33.4 

66.6 

4.801 

6.002 

O.Sl 

35.2 

64.8 

36.9 

63.1 

4.813 

5.942 

0.82 

33.6 

61.4 

40.3 

59.7 

4.825 

5.8S3 

0.S3 

42.0 

5S.0 

43.8 

56.2 

4.S3S 

5.829 

0.S4 

45.4 1 

54.6 

47.2 

52.8 

4.850 

5. 775 

0.85 

48. S i 

51.2 

50.7 

49.3 

4.862 

5.722 

0.S6 

52.2 ! 

47.8 

54.1 

45.9 

4.875 

S.66S 

0.S7 

55.6 i 

44.4 

57.5 

42.5 

4.887 

5.616 

0.S3 

59.0 1 

41.0 

60.8 

39.2 

4.899 

5.566 

0.S9 

62.5 : 

37.5 

64.2 

35.8 

4.911 

5.518 

0.90 

65.9 • 

34.1 

67.5 

32.5 

4.924 

5.471 

0.91 

69.3 i 

30.7 1 

! 70.8 

29.2 

4.936 

5.423 

0.92 

72.7 ! 

27.3 i 

74.1 

25.9 

4.948 

5.378 

0.93 

76.1 ' 

23.9 1 

77.4 

22.6 

4.961 

5.333 

0.94 ; 

79.5 i 

20.5 ! 

80.7 

19.3 

4.973 

5.2S8 

0.95 ! 

82. 9 i 

17.1 

84.0 

16.0 

4.985 

5.243 

0.96 

86.3 j 

13.7 

87.2 

12.8 

4.998 

5.202 

0.97 

89. S ' 

10.2 

90.4 

9.58 

5.010 

5.163 

0.98 

93.2 i 

6. S3 

93.6 

6.37 

5.022 

5.124 

0.99 

96.6 ; 

3.41 

96.8 

3.18 

3.035 

5.085 

1.00 

100.0 i 

0 

100.0 

0 

5.047 

5.047 


Formulae by which values in numbered columns are calculated, 
as R. 


(1) Percent == 
{2} Percent = 

(3) Percent = 

(4) Per cent = 

(5) Calories = 
( 6 1 Calories = 


100 


R - 0.707 
0.293 
1.00 - R 


100 

0.293 

504.7 (R - 0.707) 

5.047 (R - 0.707) + 4.686 (100 - R) 
468.6 (1.00 - R) 

5.047 (R - 0.707) + 4.686 (1.00 - R) 
R - 0.707 

X 0.361 


4.686 


0.293 


1.00 — R 

5.047 + — - X 1.582 


The R.Q. is indicated 


0.293 
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In the combustion of the amount of protein which yields 1 gm. of urinary 
nitrogen 5.94 liters of O 2 are consumed and 4,76 liters of CO 2 are produced. 

; 4 ’) Gm. N per hour X 5.Q4 = liters of O* per hour used in combustion of protein. 

i'5'i Gm. N per hour X 4.76 = liters of COo per hour produced by combustion of protein. 

,6) (Total liters of Oo consumed per hour) — (iV per hour X 5.94) = consumption 
of oxygen in combustion of carbohydrate and fat = liters of non-protein 
Oo per hour. 

;7) (Total liters of CO 2 produced per hour) — [N per hour X 4.76) = liters non- 
protein CO 2 per hour. 

Liters of non-protein CO 2 per hour 

(g) ; : — r ; = non-pro tern R. Q. 

Liters of non-protem O 2 per hour 

From the non-protein R. Q., by columns numbered 1, 2 and 3 of table 19, 
it is possible to calculate the relative amounts of fat and carbohydrate oxi- 
dized during the metabolism determination. The caloric equivalents of 
CO 2 and O 2 , which vary with the relative proportions of fat and carbohy- 
drate in the metabolic mixture, are given in columns numbered 5 and 6 of 
table 19. 

(Liters of non-protein O 2 per hour) X (Calories per liter of O 2 corresponding to 
observed non-protein R. Q.) = non-protein calories per hour. 

(Liters of O 2 per hour used in combustion of protein) X 4.485 = Calories per hour 
from combustion of protein. Hence (Gm. N per hour) X 26.6 = Calories per 
hour from combustion of protein. 

Protein Calories -h Non-protein Calories = Total Calories per hour. 

In many e-xperiments urinary nitrogen is not determined. In this case it 
is usually assumed (17) that the total calories are derived from the combus- 
tion of carbohydrate and fat. As the calories yielded per liter of oxygen 
in combustion of both these foods (5.047 and 4.686 calories, respectively) 
are more than in combustion of protein (4.485), the value obtained by this 
method of calculation is systematically somewhat high, although the error 
seldom exceeds 3 per cent of the total. 

If only oxygen is determined it is usually assumed that all the calories were 
derived from carbohydrate and fat with an average R. Q. of 0.82. The cal- 
culation, therefore, is simplified to 

(Liters of total O 2 consumed per hour) X 4.825 = Calories per hour. 

CALCULATION OE DEVLATION EROM NORMAL BASAL METABOLISM 

The basal metabolism varies according to age, size, and sex according to 
rules that are well enough established to permit prediction of the normal 



2ijS RESPIRATORV ilETAEOLISM 

basal raetaboiism v/ith error not exceeding ± 10 per cent. In persons oi the 
same age and sex it at>i)ears to be closely related to the surface area of the 
subject. Figure 24 is a d'Ocagne nomogram (19, 20) which permits the 



Fig. 24. Xomogram permitting direct estimation of surface area from height and 
weight by Du Bois’ formula .4 = X X 71.84. WTien A = surface area in 
square centimeters, H = height in centiraeteia and W = weight in kilos, (sq. cm. = sq. 
m. X 10,000.) The surface area is found at the point of intersection of the middle scale 
with a straight line drawn from the obser\'ed height on the left hand scale to the obsen-ed 
weight on the right hand scale. 
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direct estimation of surface area from height and weight without the need of 
arithmetical calculation. 

Table 20 shows the average normal basal metabolism per sq. meter at 
dinerent ages in both sexes.® 


TABLE 20 


\\-EKAGE Basal Metabolism pee Square Meter Above the Age of Five. Boothby 

AND SaNDIFOED (21). MODIFICATION OF THE Du BoiS STANDARDS 


AGE* 

* MALES 

i 

FEMALES 

AGE 

MALES 

FEMALES 

5 

(53.0) 

(51.5) 

20 

41.0 

36.5 

6 

53.0 

50.5 

21 

40.5 

36.5 

7 

52.0 

49.5 

22-24 

40.0 

36.5 

8 

51.0 

48.0 

25-29 

39,5 

36.0 

9 

50.0 

46.5 




10 

49.0 

45.5 

30-34 

39.0 

35.5 

11 

48.5 

44.5 

35-39 

38.5 

35.0 

12 

47.5 

43.0 

40-44 

38.0 

35.0 

13 

47.0 

42.0 

45-49 

37.5 

34.5 

14 

46.0 

41.0 




15 

45.0 

39.5 

50-54 

37.0 

34.0 

16 

44.0 

38.5 

55-59 

36,0 

34.0 

17 

43.5 

37.5 

60-64 

35,5 

33.5 

IS 

42.5 

37.0 

65-704- 

35.0 

33.0 

19 

42.0 

36.5 





* In using table the age should be determined to the nearest year. That is, 4 years 6 
months to 5 years 5 months inclusive, is taken as 5 years. 


100 X (observed calories per sq. meter per hour) , 

— ^ ^ -- 100 = per cent above or 

Average normal calories per sq. meter per hour 

below average normal basal metabolism. 

“ Until recently the standard in use for normal basal metabolic rate per square meter 
body surface has been the table published in 1917 by Aub and Du Bois (1). It was not 
based on a large number of cases, particularly in some of the age groups, and the values for 
females were not taken from direct determinations, but were calculated as 7 per cent below 
males. The data did not apply to subjects below the age of fourteen, Boothby and 
Sandiford’s values, given in table 20, were published in 1929, from observations on 1800 
males and 5000 females, and cover subjects from five years upwards. The Boothby and 
Sandiford values are 1 to 4 per cent lower than those of Aub and Du Bois for adults, and 
3 to 7 per cent lower for children. Aub and Du Bois’ values were presented by them not as 
final, but to fill a need at the time, until, as they stated, “changes are made by the addition 
of new data.” We have accordingly given in table 20 only the new standards of Boothby 
and Sandiford. 
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TABLE 21 

HARBir-Tlr.N'i:;)icT BAr^AL M;:TA30i.i.- Ratc Stakdards Based ok Body Weight, Sex, 
"^r^Ti-RE AND Age k?Qj. F'>e ^Iek, Woaiek, and Boys Above Ten 
T'r>.^ normal B. M. R. in calories per hour is obtained by adding the calories per 

hour*coipunent in Section A based on weight to the component in Section B, C, or D, 
based on sex. a^e, and stature. 


TABLE 21a 


Component Based ok Body Weight 


WEIGHT 

CALOBIE5 r 

rs HOL'R j 

1 

WEIGHT 

CALORIES FEE HOUR 

M.l'e= 

Females < 

i 

Males 

Females 

c. 


1 

kgm. 



10 

S.5 


72 

44.0 

56.0 

12 

9.7 


74 

45.2 

56.8 

14 

10.8 


76 

46.3 

57.6 

16 

12.0 


78 

47.5 

58.4 

IS 

13.1 


80 

48. 6 

59.2 

20 

14.3 


82 

49.7 

60.0 

22 

15.4 


84 

50.9 

60.8 

24 

16.6 


86 

52.0 

61.6 

26 

17.7 

37.6 

88 

53.2 

62.4 

2S 

IS. 8 

38.4 

90 

53.3 

63.2 

30 

19.9 

39.2 

92 

55.5 

64.0 

32 

21.1 

40.0 

94 

56.6 

6i.8 

34 

22.2 

40.8 

96 

57.8 

65.6 

36 

23.4 

41.6 

98 

58.9 

66.4 

3S 

24.5 

42.4 

O 

O 

60.1 

67.2 

40 

25.7 

43.2 

102 

61.2 

68.0 

42 

26.8 

44.0 

104 

62.4 

68.8 

44 

28.0 

44.8 

106 

63.5 

69.6 

46 

29.1 

45.6 

108 

64.7 

70.4 

4S 

30.3 

46.4 

no 

65.8 

71.2 

SO 

31.4 

47.2 

112 

67.0 

72.0 

52 

32.6 

48.0 

114 

68.1 

72.8 

54 

i 33.7 

48.8 

116 

69.3 

73.6 

56 

1 34.9 

49.6 

118 

70.4 

74.4 

58 

36.0 

50.4 

120 

71.6 

75.2 

60 

37.2 

51.2 

122 

72.7 

76.0 

62 

' 38.3 

52.0 

124 

73.9 

76.8 

64 

i 39.5 

52.8 

126 

75.0 

77.6 

66 

! 40.6 

53.6 

128 

76.1 

78.4 

68 

41.8 

i 54.4 

130 

77.2 

79.2 

70 

1 42.9 

1 55.2 

i 
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Benedict and his associates prefer to use prediction standards based on age, 
-.'I'aht or height, and sex. Tables of such prediction standards are given 
• •■•h directions for their use in table 21, 22, and 23. These tables cove 
■dants as well as children and adults. 

The use of the 2 systems of calculation is illustrated by the following 
-vample. A man of 25 years, 60 kilos weight, and 170 cm. height shows 
■ basal metabolic rate of 70 calories per hour. 

Surface area standard. By figure 24 the surface area is found to be 
1 tiS square meters. The calories per hour per square meter are therefore 


TABLE 21b 

Components Based on Age and Stature — Men 


CALORIES PEE HOUR EOE AGE INDICATED 



; 20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

ISO 

i 25.6 

24.2 

22.8 

21.4 

20.0 

18.6 

17.2 

15.8 

14.4 

13.0 

11.6 

155 

! 26.6 

25.2 

23.8 

22.4 

21.0 

19.6 

18.2 

16.8 

15.4 

14.0 

12.6 

160 

! 27.7 

26.3 

24.9 

23.5 

22.1 

20.7 

19.3 

17.9 

16.5 

15.1 

13.7 

165 

1 28.7 

27.3 

25.9 

24.5 

23.1 

21.7 

20.3 

18.9 

17.5 

16.1 

14.1 

170 

! 29.8 

28.4 

27.0 

25.6 

24.2 

22.8 1 

21.4 

20.0 

18.6 

17.2 

15.8 

175 

' 30.8 

29.4 

28.0 

26.6 

25.2 

23.8 

22.4 

21.0 

19.6 

18.2 

16.8 

ISO 

; 31.9 

30.4 

29.1 

27.6 

26.2 

24.8 

23.4 

22.0 

20.6 

19.2 

17.8 

1 S 5 

I 32.9 

31.5 

30.1 

28.7 

27.3 

25.9 

24.5 

23.1 

21.7 

20.3 

18.9 

190 

! 34.0 

32.5 

31.2 

29.7 

28.3 

26.9 

25.5 

24.1 

22.7 

21.3 

19.9 

195 

; 35.0 

33.6 

32.2 

30.8 

29.4 

28.0 

26.6 

25.2 

23.8 

22.4 

21.0 

200 

; 36.1 

34.6 

33.2 

31.8 

30.4 

29.0 

27.6 

26.2 

24.8 

23.4 

22.0 


70 -r 1.68 = 41.7. By table 20 the average normal basal metabolic rate 
for a male of 25 years is found to be 39.5 calories per hour per square meter. 


Hence the de\dation from normal is calculated as 


100 X 41.7 
39,5 


- 100 = 


105.5 — 100 = +5.5 per cent above average normal. 

Earris-Benedict standards. The average basal metabolism normal for 
the subject’s weight etc. is calculated as 37.2 + 28.4 = 65.6 calories per 
hour. The component 37.2 is taken from Table 21A, and the component 

2S.4 from 21B. The deviation is calculated as v 100 = 106,6 

65.6 

- 100 = +6.6 per cent above average normal. 

Delations from normal calculated by the two systems differ slightly, 


'M ’ 
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biu as a ni’ie !asi si.ijnitkantly. The use of one or the other system i= 
largely a matter of convenience. 


TABLE 21c 

CnvrpoNLN’rs Based ox Age axd Stature — Women 


CAi.02n:3 PES Hors roR age indicated 




25 

.^0 

35 

40 

45 

50 

55 

60 

65 

TO 

150 

t . i 

6.7 

5.7 

4.7 •' 

3.8 

2.8 

1.8 

0.9 



-2 0 

155 

S . 1 

i . 1 

5.1 

5.1 

4.2 

3.2 

2.2 

1.2 

0.2 

- 0.7 

- 1,7 

1-00 

S.5 

7 . 5 

6.5 

5.5 

4.5 

3.6 

2.6 

1.6 

mB 

- 0.3 

- 1.3 

lo5 

s.s 

7.S : 

6.9 

5.9 ; 

4.9 

4.0 

3.0 

2.0 



-0 9 

170 

9.2 

S.2 ' 

7.3 

6.3 

5.3 

4.3 

3.4 

2.4 

1.4 

0.5 

- 0.3 

ITS 

9.6 

S.6 . 

7.6 

6.7 ; 

5.7 

4.7 

3.7 

2.8 

1.8 

0.8 

- 0.2 

ISO 

10. 0 

9.0 

8.0 

7.0 

6.1 

5.1 

4.1 

3.2 

2.2 

1.2 

0.2 

IS5 

iO.4 

9.4 

8.4 

7.5 

6.5 

5.5 

4,5 

3.5 

2.6 

1.6 


m 

10. S 

9.S 

S.S 

7.8 : 

6.8 

5.9 

4.9 

3.9 

3.0 


1.0 

195 

11.2 

10.2 

9.2 

8.2 i 

7.2 

6.2 

5.3 

4.3 

3.3 

2.4 

1.4 

2CiO 

11.5 

10.5 ’ 

9.6 

8.6 1 

7.6 

6.7 

5.7 

4.7 

3.7 

2.7 

1.8 


TABLE 21d 


CoiipoNEXTs Based on Age and Stature — Bovs 


HEIGHT 

CAIOEIE 

3 ?Ea HOrs FOE AGE 
INDICATED 

HEIGHT 

CALORIES PER HOUR FOR AGS 
INDICATED 



15 * 

20 


10 

15 

20 



16.6 

15.2 


29.5 

28.1 

26.6 

105 

19.0 

17.7 

16.3 


30.5 

29.1 

27.7 

110 

20.0 

18.7 

17.3 

165 

31.6 

30.1 

28.7 

115 

21.0 

19.7 

18.3 

170 

32.6 

31.2 

29.8 

120 

22.1 


19.4 

175 

33.6 

32.2 

30.8 

125 

23.2 

21.8 


180 

34.7 

33.3 

31.9 

130 

24.2 

22.9 

21.5 

185 

35.7 

34.3 

32.9 

135 

25.3 

23.9 

22.5 

190 

36.8 

35.4 

34.0 

140 

26.3 

25.0 

23.6 

195 

37.8 

36.4 

35.0 

145 

27.4 


24.6 

200 

38.9 

37.4 

36.1 

150 

28.4 

27.0 

25.6 






General theoretical consideration of the calculation of metabolism deter- 
minations can be found in the chapter on total metabolism of volume I. 
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TABLE 22 


B?n’£dict-Talbot Aatjeage Korhal Basal Metabolic Rate eor Infants and 
Children. C.alories her Hour Based on Body Weight Alone 


^ilGKT 

BOYS 

GIRLS 

WEIGHT 

BOYS 

GIRLS 


cal. 

cal. 

kgin. 

cal. 

cal. 

3 

6.3 

6.3 

.31 

47.5 

44.6 

4 

8.8 

9.2 

32 

48.3 

45.4 

5 

11.3 

11.9 

33 

49.2 

. 46.4* 

6 

13.8 

14.6 

34 

50.0 

47,3* 

7 

16.3 

16.9 

35 

50.8 

48.3* 

S 

18.5 

19.2 

36 

51.7 

49.2* 

9 


20.8 

37 

52.3 

50.1* 


22.7 

22. S 

38 

53.1 

50.7 

11 

24.6 

24,2 

39 


50.8 

12 


25.4 

30 


51.0 

13 

27.5 

26.7 

41 

tfi 

51.2 

14 


27.7 

42 

l-i 

rt 

51.3 

15 


28.8 

43 


51.4 

16 

31.5 

29.6 

44 

•u 

in 

51.6 

17 

32.5 

30.6 

45 

u 

51.7 

IS 

33.5 

31.7 

46 

0) 

51.8 

19 

34.6 

32.5 

47 

5 _ 

52.0 

20 

21 

35.8 

36.9 

33.5 

34.6 

48 

49 

P3 P 

1 

+ 
u ' 
u . 

52.1 

52.3 

22 

37.9 

35.6 

50 

w 

52.4 

23 

39.2 

36.7 

51 


52.5 

24 

40.2 

37.5 

52 

s* 

52.7 

25 

41.3 

38.8 

53 


52.8 

26 

42.5 

39.6 

54 

o 

,o 

52.9 

27 

43.5 

40.6 

55 

u 

0 

53.1 

28 

44.6 

41.7 

56 

fin 

53.2 

29 

45.4 

42.5 

57 


53.3 

30 

46.5 

43.5 

58 


53.5 


' Figures obtained by interpolation. Not in original. 
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TABLE 23 


B \'A!. IIkAT PK‘ ilil ! Ti‘ 'N Prir. H* irs Or GiRLS (BeXEDICX) FROil THE FiRST WEEK AfTES 
EniTH T* > Tv.lia. :: Ve'.ks or A»;l'. Predicted erom Height Alone (9j 





PSEDICTED 

HEAT 

1 

1 HEIGHT 

PREDICTED 

HEAT 
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CHAPTER VI 


Lung Volume 

The volume of air which is held in the lungs when they are filled to the 
ilmit, the "'total capacity,” is composed of two fractions: 1, that which can 
emired by a maximal expiration, the “vital capacity;” 2, that which remains 
in the lungs after a maximal expiration, the “residual air.” The vital and 
total capacities have been divided into various other subdivisions (5) which 
tvill not be discussed here. The vital capacity can be determined by simply 
obserx’ing the excursions of a spirometer. For the residual air in the lungs, 
however, special methods must be used. The clinical interest in the residual 
air is chiefly based on the fact that this unexpirable air volume increases 
in various conditions in which the elasticity of the lungs appears to be im- 
uaired: such increase has been noted in emphysema (8, 9) and in a consider- 
able proportion of cases of cardiac failure (1) and tuberculosis (2). Pul- 
monar>’ edema on the other hand appears to diminish not only the vital 
capacity (6) but also the residual air (1); consequently when cardiac failure 
is accompanied by pulmonary edema the residual air volume may be even 
than normal. 

The residual air varies from 1 to 1.5 liters in normal women, and from 1.5 
to 2.5 in normal men (5), following more or less closely the height and the 
chest size measured in three dimensions (5). 

The “lung volumes” determined by the methods described below com- 
prise in each case the volume of air held in the lungs and the respiratory pas- 
sages at the time the determination is begun. Also whatever dead space lies 
between the cock of the mouth-piece and the mouth-piece itself is included, 
unless corrected for. 

I. DILUTION METHOD FOR SUBJECTS CAPABLE OF FORCED BREATHING. 

LUNDGSGAARD AND VAN SLYKE (5) 

Principle 

If the subject is able to cooperate by breathing deeply the procedure is 
simple. He merely mixes the air in his lungs with a measured volume; e.g., 
2 liters of oxj’-gen, in a bag by five or six deep breaths, which suffice to obtain 
a homogeneous mixture (4, 5). The N 2 content of the mixed gases is then 
determined by gas analysis. If the total gas volume in the lungs -f- bag 
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system remains constant, the extent to which the N2 concentration is dimin- 
ished by dilution of the pulmonary air with 2 liters of oxygen can be used 
to calculate the volume of air in the lungs. Approximate constancy of total 
gas volume can be assumed during the fifteen or twenty seconds in which 
five deep breaths can ordinarily be taken, the difference between O2 absorbed 
and CO2 evolved being of negligible effect during this interval. 


Procedure 

Lundsgaard and Van Slyke (5) applied the principle as follows. (For 
a review of its former application see their paper (5).) A 4 or 5-liter 
rubber bag connected to a three-way respiratory stop-cock and a mouth- 
piece (fig. 15, 1) is filled with a measured volume, usually 2 liters, of 
pure oxygen. (A device like that in figure 20, V, (p. 192) can be used for 
measuring the oxygen.) The subject closes his lips around the mouth- 
piece, and his nose is closed by a clamp. He respires normally a few 
times with the cock turned to connect his lungs with the outside air. 
Then he brings his lungs to the desired position (maximum exhalation if 
residual air is desired) and the cock is turned to connect him with the 
bag. Four or five deep respirations mix the air in the lungs with that in 
the bag. A sample of gas is then drawn from the bag and its nitrogen 
content is determined. 

In case one determines not the residual air, but the larger volume of 
air in the lungs at the end of a normal inspiration or expiration, it is 
preferable to use 3 liters of oxygen, rather than 2, in the bag. The results 
are most accurate when the volume of oxygen placed in the bag approxi- 
mates the volume of air in the lungs. 

Analysis 

The gas usually contains less than 50 per cent of nitrogen, so that a 
Haldane apparatus with the type of gas burette used for analysis of 
of expired air (fig. 10) can not be used. A straight burette permitting 
readings of all percentages of gases must be substituted. 

Since there is no limitation in the size of samples and 0.1 per cent 
accuracy sufidces, analyses may be made with an ordinary 50 cc. gas 
burette and Hempel pipette, as done by Lundsgaard and Van Slyke (5) 
andBinger (1,8). 

A convenient and more accurate procedure is the manometric nitrogen 
determination described on page 118. 
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Calculation 


Lung volume = V 


per cent No 


V 02 is the volume of oxygen measured into the bag at the start and 
“per cent No” represents the per cent of nitrogen found in the mixed gases 
at the end of the experiment. 

The oxygen used must be analyzed for nitrogen by the same reagents used 
in analyzing the respired mixture. If it contains a per cent of impurity thus 
determined as nitrogen, the calculation formula is modified to: 


Lung volume == X 


per cent N 2 — o 
79.1 — per cent N 2 


The detennination of small amounts of N 2 in oxygen can be made most 
accurately with the manometric apparatus as described on page 119, the 
pressure of the sample being measured at 50 cc. volume and the pressure of 
unabsorbed N 2 at 2 cc. volume. 


The formula used for calculation is derived as follows: 

Let: 

Fx = Lung volume. 

Vni — Volume of N 2 in lungs at beginning of experiment. 

FOj = Volume of O 2 measured into bag. 

i = per cent of N 2 in air of lungs at beginning of experiment, i was found by 
Lundsgaard and Van Slyke to vary from 78.4 to 79.6, and to average 79.1. 
Ordinarily i is assumed to be 79.1.* 
b = per cent of N 2 in mixed air of bag at end of experiment. 


“ inn ^ ” mo ^O,) 


100 


100 


By equating the second and third members of this expression and solving for Fx we 
obtain: 


Vr = Vn. X 


If the oxygen contains a per cent of N 2 , or of gas behaving like N 2 towards the reagents 
used in the analysis, the first equation becomes: 


~ 100 ^ 


100 ^ 


100 


X (V^ + Fo,) 


* Christy (personal communication) finds that the accuracy of the determination is 
increased if i is determined in each case by preliminary analysis of the alveolar air of the 
subject. 
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By equating the second and third members and solving for Vl we obtain : 


V 


L 


O2 



Correction for dead space in mou th piece. From the “lung vol- 
ume*^ calculated by the above formulae one must subtract the relatively 
smallvolume of the dead space, perhaps 0.05 liter, in the tube between the 
valve and the mouth of the subject. It can be estimated with sufficient 

accuracy as liters, where D is the diameter and H the length in 


in centimeters of tubing between the subject’s mouth and the cock of 
the apparatus (fig. 15). Or this dead space may be measured by de- 
termining the volume of water required to fill it. 


II. DILUTION METHOD WITHOUT FORCED BREATHING. SENDROY, HILLER, AND 

VAN SLYKE (7) 

Pmicifle 

If the subject is unable to cooperate by making repeated deep inhalations 
and exhalations, complete mixture of the oxygen in the bag with the air in 
the lungs may require, not five breaths and fifteen seconds of time, but con- 
tinued respiration for two or more minutes. To make continuous rebreath- 
ing possible without acute distress from accumulated carbon dioxide it is 
necessary to remove the CO 2 by absorption with a scrubber. Such removal, 
however, continually diminishes the volume of gas in the system. In con- 
sequence the total volume to which the pulmonary nitrogen is diluted can 
not be estimated from the initial volume of oxygen present in the apparatus. 
The apparatus must be arranged so that it shows the final volume of gas in 
the extrapulmonary part of the system at the end of the experiment. 

Apparatus 

Whatever apparatus is used, its valves and connections must meet the 
tests for leaks and absence of resistance described in the preceding chapter 
for respiratory apparatus in general. 

Krogh and Roth-Benedict spirometers. Both these instruments, shown in 
figure 22 and 21 of the preceding chapter, serve for determination of lung 
volume as w’^eU as oxygen consmnption. When either apparatus is used it 
is necessary to determine the volume, Fx* of the dead space filled with gas 
when the spirometer bell is depressed to the zero point. This space repre- 
sents the volume of gas still remaining in the soda lime scrubber and other 
parts of either spirometer when the bell is at zero. The value of Vd for the 
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apparatus used is determined, as detailed below, by means of the same dilu- 
tion principle applied in procedure I for determination of the lung volume 
itself. 

At the end of an experhnent the total gas content of the apparatus is cal- 
culated as Vj) plus the volume Vm registered on the scale of the spirometer. 
In the calculation formula therefore the volume, Vr, + Vm, replaces used 
in the formula for calculating results of procedure A, 

Sendroy apparatus (7). In figure 23 is shown an apparatus which can be 
set up at an expense much less than the cost of a spirometer, and gives results 
equally accurate. The Sendroy apparatus has another advantage with re- 
spect to economy in that its dead space is much smaller than that of either 


R Y- 



Fig. 25. Apparatus of Sendroy (7) for determination of lung volume by diluting pul- 
monary nitrogen with measured volumes of oxygen without forced breathing. 


spirometer, so that it requires only a fraction as much ox 3 '’gen to wash out 
other gases before each determination. 

.Z is a two-way stop-cock, one end of which is connected to the vacuum, the other to a 
high-pressure tank of pure oxygen. The rubber stopper T fits the rubber mouth piece 0. 
The aluminum three-way stop-cock 5 of 20 mm. bore is made to communicate with the 
outside air, or through 0 with the apparatus, I and E are rubber spirometer valves, (inlet 
and outlet) enclosed in glass Jackets. Z is a 500 to 750 cc. bottle with bottom re- 
moved, containing a supply of soda lime. Copper gauze of not too fine mesh or cotton 
loosely packed, may be used to pack the particles within the bottle. Running water 
enters the cooling system at F, is distributed along the sides of the bottle, and runs off into 
a funnel. 5 is a rubber breathing bag, of 5 or 6 liters capacity, i? is a press, something 
like that used for holding tennis racquets. It consists of two pieces of wood large enough 
in area to cover all but the ends of the bag B. B in also in communication with the 
Woulfe bottle IF of 8 liters capacity, containing water. G is a level gage with a milli- 
meter scale. The bottle IF is calibrated on the scale G by pouring in measured volumes of 
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water, 300 to 400 cc. at a time, so that definite volumes of gas in W correspond to definite 
scale readings of the meniscus in G. The points are plotted on a curve, from which scale 
readings can be converted into liters of gas present in W (1 mm. on the scale of G corre- 
sponds" to about 30 cc. volume in TT). Reading G to O.S mm. in such an apparatus gives 
gas volumes in TI' to ± 15 cc. The flow of water through a suitable length of rubber tubing 
(32 mm. wide) between A and W is controlled by the clamp C, placed as near as possible 
to the volume gage G. 3/ is a water-filled manometer with a millimeter scale, connected at 
will to the rest of the system through the stop-cock L of at least 2 mm. bore. All of the 
connecting tubes through which respired air passes are of heavy-walled glass or rubber 
tubing, of an internal diameter (23 mm.) sufficiently large to avoid resistance to respiration. 
In order to make the rubber tube connections at the bottom outlets of A and W, it may be 
necessary to seal a piece of glass tubing into the outlet. This may easily be done by the 
use of de Rhotinsky cement. No temperature control is necessary, since the change in 
temperature of the gas contained within the system is so small during the period of a 
determination that it may be neglected. The zero point at the top of scale G is 3 or 4 
cm. below the bottoms of the stoppers in W. 

Determination of V d, dead space of the apparatus 

The apparatus is first filled with atmospheric air. If it has previously 
had any other kind of gas in it, it is filled with air and emptied 12 to 15 
times to replace other gases entirely with air of atmospheric composition. 
Then the air content is reduced to that of the dead space, and is mixed 
with a known volume of oxygen, as follows. 

Krogh or Roth spirometer. The bell is pressed down until the 
indicator points to the zero mark on the scale so that no air except that in 
the dead space remains in the spirometer. Then the mouth piece of the 
spirometer is connected with a gas container holding a known volume of 
oxygen. An aspirator bottle like A in figure 25 serves as such a con- 
tainer. It is provided at the top with a stopper and a cock by which gas 
can be admitted and let out, and is connected at the bottom with a sim- 
ilar bottle which is filled with water. A mark is made on the stoppered 
bottle showing the level at which water stands in it when 5 liters of gas 
are present. The bottle thus calibrated is first filled to the stopper with 
water, and then pure oxygen is run in until the water has fallen to the 
5-liter mark, the level of the water in the connected flask being kept 
even with that in the calibrated one. The calibrated bottle is then 
connected with the spirometer by a short narrow tube bearing a per- 
forated stopper which fits into the hole in the mouth piece of the spirom- 
eter. By raising and lowering the other bottle the oxygen is alter- 
nately forced into the spirometer and withdrawn from it 15 times, so 
that a uniform mixture of the oxygen with the air in the spirometer is 
obtained. A sample of the mixed gas is then analyzed for nitrogen, as 
in Method I. 
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The calculation of the dead space is similar to that of lung volume, 
Method I. 


y — Y y — = 

D O 2 79.04 — per cent Nj 

In this case V02 represents the volume of oxygen measured into the bottle 
and then mixed with the air in the spriometer. F02 is 5 liters when the 
technique is carried through as above directed. ‘Ter cent N2” represents 
the per cent of N2 found in the gas mixture by analysis. The per cent of N2 
present as impurity in the oxygen used is represented by a. 

Sendroy Apparatus. After the apparatus (fig. 25) is washed out with 
air, the bag B is pressed in clamp R and the water in W is raised until 
the water is up to the zero mark on scale G. A bottle containing a 
measured volume of pure oxygen is attached to the mouth piece, clamp 
R is then removed from the bag, and the rest of the determination of 
Vo is carried out in the same manner as with the spirometers. In this 
case, however, the volume of oxygen used is 1 instead of 5 liters, and 
an aspirator bottle of 2 liters capacity is calibrated to hold the oxygen. 

Washing gases other than oxygen out of apparatus before the determination 

Roth and Krogh spirometers. Either of these instruments is filled 
as completely as possible with oxygen and emptied 12 to 15 times to 
remove all nitrogen. The washing of these spirometers requires about 
90 liters of oxygen. 

Sendroy apparatus. W is nearly filled with water and clamp C 
is closed. Then the stopper T is inserted into the hole in the mouth 
piece. One outlet of the three-way cock Z connects with a suction pump 
and the other with an oxygen tank. Suction is applied through Z until 
the bag B is nearly deflated. Strong negative pressure is not applied 
because it might, start leaks in the apparatus. By turning Z enough 
oxygen to fill the gas bag is alternately admitted and withdrawn 10 times. 
The washing can thus be completed in two or three minutes, and re- 
quires about 40 liters of oxygen. 

Addition of oxygen for the determination 

With the dead space already filled with pure oxygen, sufficiently more 
is run into the apparatus to suffice for the requirements of the subject for 
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the duration of the experiment. For a resting subject 3 liters for five 
minutes and 6 liters for 10 provide more than enough. 

With the Krogh or Roth apparatus one merely admits 3 or 6 liters of 
oxygenj measured by the rise of the pointer on the scale) for a five or a 
ten-minute period. 

With the Sendroy apparatus the oxygen is admitted as follows. The 
bag B (fig. 25) is flattened by clamping it with R. 7* is then inserted 
into the mouth piece, 5, and enough oxygen is wasted through cock 5 into 
outer air to wash the air out of this cock. Then oxygen is admitted into 
the apparatus until the water level in W has fallen to a point indicating 
that the desired amount of gas has been admitted. This level can be 
previously determined and indicated by a mark on bottle W. (The 
measurement need be only an approximate one.) The clamp is then 
removed from the bag and the latter is filled with gas from W. Clamp 
Cis then closed, and bottle A is left elevated above W. 

The respiration period 

The determination is carried out in the same way with any of the 
three types of apparatus. 

The subject, with nostrils clamped by a nose piece, is connected to the 
apparatus by means of the mouth piece, and the cock, 5 is so turned that 
room air is breathed for several normal respirations. The subject then 
brings his lungs to the desired position (for residual air he expires as 
completely as possible), and the cock is turned to connect him with the 
spirometer or bag. The subject then respires normally for the desired 
period. Five minutes usually suffice for complete mixture even with 
ill patients. Longer periods may perhaps be needed when the respira- 
tions are very shallow. At the end of the period the subject brings his 
lungs to the same position as at the beginning. 

In the Sendroy apparatus it is necessary to admit additional gas into 
the bag from W at intervals during the period. This is done by opening 
clamp C and admitting water from A into W. So much must not be 
admitted at any time that the bag is sufficiently filled to offer resistance 
to expiration. In particular, when residual air is to be determined, 
enough space must be left in the bag to receive the final maximal 
expiration. 

Final gas measurements and sampling 

In the Krogh or Roth spirometer the gas volume is read on the scale. 
The total gas volume in the extrapulmonary part of the system is then 
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calculated by adding the volume, Kid indicated by the scale, to the dead 
space, Vd, previously determined. A sample of gas from the spriometer 
is then drawn for gas analysis, in the manner discussed under “Sam- 
pling” in chapter III. 

With the Sendroy apparatus the following procedure is followed. The 
bag is compressed in the clamp R and the gas is thereby completely 
driven from the bag into W, as it was when the dead space was deter- 
mined. The volume Vm is then read on the scale G. During the read- 
ing the cock of M is opened and the bottle A is set at such a level that 
the water menisci in the two limbs of manometer M are at the same level, 
indicating exact atmospheric pressure in the system. 

To obtain a sample the bag is then refilled with gas from W, and the 
sample is withdrawn from outlet K of the bag. 

Analysis 

The remarks on analysis made under Method I apply also here. 
Since the greater dilution of the pulmonary air brings the nitrogen con- 
tent in the present case down to 12 or 15 per cent, accuracy in the analy- 
sis is more essential than in Method I. The manometric analysis 
(p. 118) has proven satisfactory (7). 


Calculation 

The calculation is the same as in Method I. Here the volume of ex- 
trapulmonary gas with which the nitrogen of the pulmonary air is diluted is 
indicated by the total gas volume, in the spirometer at the end of 

the respiration period. 

Na 

Lung volume = + F^) X ^ 


Vm represents the gas volume read at the end of the period on the scale of 
the spirometer or of the Sendroy apparatus, Vd is the dead space of the 
apparatus used, and No is the per cent of nitrogen found in the gas at the 
end of the test. 

If the oxygen used is found on analysis, by the same method used for the 
respired mixture, to contain a significant proportion of nitrogen, the calcula- 
tion is modified to: 


Lung volume = 


Vj) CiYa - a) -f Fj^^ Yo - 
79.1 - No 
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Vu is, as above, the dead space of the apparatus; A^2 is the per cent of nitro- 
gen found in the gas at the end of the test; a is the per cent of nitrogen found 
as impurity in the oxygen used; Vmi represents the volume of gas read on the 
scale at the beginning of the test; Vm^ is the volume of gas read on the scale at 
the end of the test. 

Correction for the dead space in the mouth piece is made as described 
under “calculation” for Method I. 

III. HYDROGEN METHOD WITHOUT EORCED BREATHING. VAN SLYKE AND 

BINGER (10) 

Principle 

This procedure depends upon mixing the air in the lungs with an oxygen- 
hydrogen mixture containing a known volume of hydrogen. After complete 
mixing the N2;H2 ratio is determined by analysis, and from this ratio the 
volumes of No and of air that were in the lungs are calculated. Because 
neither No nor Ho participates to a significant extent in the respiratory ex- 
change, respiration can be continued for as long as is necessary to secure 
complete mixing. 

This method serves the same purpose as Method II, and has over the 
latter two advantages: 1 , the dead space of the apparatus here need not 
be determined; 2 , the subject does not have to bring his lungs at the end of 
the period to the position taken at the start. The results are therefore free 
from whatever errors may be involved in the estimation of the dead space 
and in variability in the final bringing of the lungs back to position. On the 
other hand the use of an oxygen-hydrogen mixture demands certain pre- 
cautions, discussed below, which are not necessary with Method II, Both 
procedures are carried out with the same apparatus, so that the choice de- 
pends upon whether the facilities for obtaining satisfactory hydrogen, and 
for analyzing, testing, and handling it, are such that the precautions re- 
quired by the hydrogen method counterbalance its advantages. 

Washing gases other than oxygen out of the spirometer or Sendroy 
apparatus 

This is done exactly as in Method 11. The apparatus is left con- 
taining as much oxygen as it will hold, except for space left for hydrogen. 

Measurement of hydrogen into apparatus 

From a cahbrated bulb or other vessel a measured volume of hydro- 
gen, usually 2 liters, is nm into the spirometer or Sendroy apparatus. 
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Respiratory period 

This is carried out exactly as in Method II. 

Analysis of Respired Gas Mixture 

A sample of the mixed gases is then freed of CO2 and Oo by shaking 
in a sampling tube or Hempel pipette with alkaline hyposulfite or pyro- 
gallol solution. The remaining hydrogen-nitrogen mixture is then 
analy2ed by determining the Ho content by one of the methods de- 
scribed in chapter III. 

Calculation 

All the nitrogen in the final gas mixture comes from the air which was in 
the lungs and in the dead space between valve and mouth piece at the be- 
ginning, since the bag or spirometer contained only oxygen and hydrogen. 
One therefore calculates the volume of nitrogen present, and multiplies this 
by 1/0.791, or 1.264, to obtain the volume of air that was in the lungs and 
dead space when the subject was connected with the rebreathing apparatus. 

•r . . X . . , per cent Na 

Liters Na (from lungs and mouth piece) in gas mixture = liters Ha X ~- 

per cent Ha 

Liters air in lungs and dead space = 1.264 X liters Na. 

If the oxygen used contains significant amounts of No, the “lifers Nf' 
calculated as above indicated must be corrected by subtracting the volume of 
iVo present as impurity in the oxygen used; e.g., if 10 liters of oxygen are con- 
tained in the total apparatus at the beginning of the test, and the No con- 
tent is 0.5 per cent, the correction to subtract from “liters No” in the above 
.0.5 

formula is X 10 = 0.05 liters, and the correction for “liters air in lungs” 

would be 0.05 X 1.264 = 0.06 liters in the lung volume found. The correc- 
tion is not very important, considering that the “residual air” is from 1 to 
2.5 liters, but it would in this case be enough to be included in accurate work. 
In making this correction one must estimate the total oxygen volume in the 
apparatus at the beginning of the respiration period, viz., the volume regis- 
tered by the scale of the Krogh or Roth spirometer or the Sendroy appara- 
tus plus the volume in the dead space, F^, which is measured as described 
under Method II. 

If the oxygen used is contaminated with significant amounts of hydrogen, 
or the hydrogen with oxygen, either gas can be freed of the other by passage 
through a tube containing heated platinized asbestos. 
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Correction for the dead, space in the mouth-piece is made as described for 
^Method II. 

Precautions 

During the experiment the spirometer and lungs of the subject are filled 
with an explosive oxygen-hydrogen mixture. No flames or burning cigarettes 
should be near. No combustible grease should be used as lubricant any- 
where in the apparatus, because mere contact of such grease with gas of high 
oxygen content may cause spontaneous combustion. 

The hvdrogen used must be tested for the presence of arsenic by means of 
the usual “arsenic mirror” test. Use of hydrogen which contains arsine could 
be fatal. It is preferable to use commercial hydrogen made by electrolysis 
rather than hydrogen made by the action of acid on zinc, because most zinc 
contains traces of arsenic, and wden treated with acid yields traces of arsine 
mixed with the hydrogen. 
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CHAPTER VII 


Gasometeic Methods for Analysis of Blood and Other 
Solutions 

GENERAL METHODS AND APPARATUS FOR DETERMINING BLOOD GASES 
Principles oj methods for blood gas determinations 

Oxygen, and carbon monoxide when present, exist in the blood almost 
entirely as hemoglobin compounds; carbon dioxide is chiefly in the form of 
bicarbonate. Before these gases can be readily extracted for measurement 
they must be freed from their combinations. Ail the present methods 
use ferricyanide, introduced for this purpose by Barcroft and Haldane (4) to 
free oxygen and carbon monoxide; while to decompose the bicarbonate, tar- 
taric and lactic acids, which do not coagulate the proteins, are employed. 

The extraction of the gases has been performed in two different w^ays. 
In the Haldane (4, 15) and Barcroft (4, 5, 6) methods the blood is placed in a 
relatively large chamber filled with air at atmospheric pressure and con- 
nected with either a manometer or a micro gas burette. Alkaline ferri- 
cyanide is used to liberate the oxygen, while retaining the carbon dioxide, 
and the oxygen set free is measured by the increase in the volume or in the 
pressure of the supernatant air in the chamber. The carbon dioxide is then 
liberated with tartaric acid and similarly measured. The relatively large 
air volume, about 40-fold that of the gas measured, necessitates careful 
temperature controls. The use of the alkaline ferricyanide has a disad- 
vantage in that the alkalinity favors a slow consumption of oxygen by some 
reducng agent in the blood-reagent mixture, so that lower results are likely to 
be obtained than when the oxygen is freed in neutral or slightly acid solution 
(1 , 64) . In oxygen determination with alkaline ferricyanide by the methods 
of Haldane or Barcroft, one is likely to observe that the maximum increase 
of gas volume or pressure, reached after some time, is not maintained, but is 
followed by a fall due to gradual oxygen consumption. Furthermore, the 
observed maximum in such a case is lower than would be obtained without 
this disturbing factor. It is presumably on this account that the average 
normal oxygen capacity of the blood of adult men was found lower by Hal- 
dane (18.5 volumes per cent) than by those who have used the vacuum ex- 
traction methods described below. The Barer of t-Haldane methods have 
nevertheless yielded results of brilliant significance in many physiological 
researches, and are stiU in use in many laboratories. 
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Henderson and Smith (18) freed the gases by stirring the blood, after it 
had been treated with the same reagents used by Haldane and Barcroft, in a 
vessel filled with air. They then analyzed the air, and from its change in 
composition estimated the amount of CO 2 or O 2 that had entered it from the 
blood. 

In the vacuum extraction methods described in this chapter the blood 
gases are freed and extracted from solution in an evacuated chamber. They 
are measured in the same chamber after complete or partial release of the 
vacuum by admission of mercury. No volume of air is present to magnify 
the errors of measurement and the speed of extraction (one to three minutes) 
together with conditions permitting the use of neutral or acid reagents to 
liberate oxygen, prevent measurable consumption of this gas after it is 
liberated. The absence of gases other than those of blood permits car- 
bon dioxide, oxygen and carbon monoxide to be extracted together and 
determined by successive absorption with reagents specific for each. 

Tlie volumetric and manometric blood gas apparatuses 

The volumetric apparatus (fig. 26), first described by Van Slyke (44) 
and later somewhat refined by Van Slyke and Stadie (38, 64) consists essen- 
tially of a 50-cc. pipette with a cock sealed to each end, the lower end being 
attached to a heavy-waUed rubber tube connecting with a mercury leveling 
bulb, the upper end serving for reception of blood samples and reagents. 
The stem of the pipette at the upper end is calibrated in 0.02-cc. marks for 
a space of 1 cc. for measurements of the gases obtained. The analysis is 
carried out by filling the apparatus with mercury, then measuring in the 
blood sample, either preceded or followed by the reagents to free the gases. 
The latter are extracted from solution by lowering the mercury until a 
vacuum is obtained in the pipette, which is then shaken for one to three 
minutes. The Hquid is then drawn off into a small bulb sealed on at the 
bottom, and mercury is readmitted until the pressure is restored to atmos- 
pheric. The volume of gas is read in the graduated upper stem of the 
pipette. VTien a mixture of gases is obtained carbon dioxide is absorbed 
\Hth alkali, oxygen with hyposulfite, and carbon monoxide with cuprous 
chloride solution. 

The accuracy of the readings has been increased by adding a manometer 
to the apparatus (48, 59). For the readings in this apparatus the gas is 
reduced, not to atmospheric pressure, but to a convenient definite volume, 
usually 0,5 or 2.0 cc., and the amount of gas present is determined from the 
pressure it exerts on the manometer. Determinations can be made with 
this apparatus with a constancy of 2 or 3 parts per 1000. The manometric 
apparatus is shown on pages 270^72. 
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Portion I 



Fig. 26. Volumetric blood gas apparatus. From Van Slyke (44, 64). 

For the determination of the carbon dioxide in blood or plasma as an indi- 
cation of the alkali reserve, of oxygen capacity as a measure of the hemo- 
globin content, and of carbon monoxide content as an evidence of poisoning. 
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the original, simplest, “volumetric” form of the apparatus usually suffices. 
This is the one first described below. It permits one to determine CO 2 in 
1 cc. of blood with an accuracy of 1 volume per cent, and to determine O 2 
or CO in 2 cc. of blood within 0.25 volume per cent. 

When a greater degree of accuracy is desired, or when all the gases are to 
be determined in a single 1 cc. blood sample, or when micro determinations 
are to be made (on 0.2 cc. of blood) the manometric apparatus is recom- 
mended. The manometric apparatus, on account of its accuracy over a 
great range of measurements, is also applicable to many other gasometric 
analyses. 


TECHNIQUE AND ACCESSORIES COMMON TO BOTH VOLUMETRIC AND 
MANOMETRIC APPARATUS 

Accessory apparatus 

In order to be equipped for all the analyses that are described in this chap- 
ter with the manometric apparatus one requires the accessories listed below. 
Those marked with stars are required also for blood gas analyses with the 
volumetric apparatus. 

1 pipette, 0.1 cc. calibrated “to contain.” Holds 1.345 grams of dry mercury (see 

p. 18-21). 

1 pipette, 0.2 cc. calibrated “to contain.” Holds 2.69 grams of dry mercury. 

1 pipette, 0.2 cc. calibrated to deliver (see p. 18-21). 

1 pipette, 0.5 cc. calibrated to deliver. 

*2 pipettes, 1.0 cc. with stop-cock as in figure 30. 

1 pipette, 1.5 cc. with stop-cock as in figure 30 (for blood sugar determinations 

only). 

*2 pipettes, 2.0 cc. with stop-cock as in figure 30. 

2 pipettes, 3.0 cc. with stop-cock as in figure 30. 

1 pipette, 5.0 cc. with stop-cock as in figure 30. 

1 to 3 modified Hempel pipettes, as in figure 11. 

2 or 3 calcium chloride tubes equipped as in figure 27. 

2 micro 2-cc. burettes graduated into 0.02 cc. divisions and fitted with long 
capillar>’- tips, for use as in figure 52, p. 344. 

1 interval timer, capable of being set to ring after 1, 2, etc., minutes (that manu- 
factured by the Victory X-Ray Company of Chicago is satisfactory). 

1 30- or 40-cc. bottle for mercury. The bottle is closed with a cork stopper through 
which a hole of about 1 mm. diameter is pierced with a hot wire. The bottle 
is used to deliver mercmy, a few drops at a time, into the cup of the gas appara- 
tus to seal the cock. 

1 reading glass, for reading the manometer scale to 0.1 mm. 

1 stool, about 1 foot high, to stand on when high manometer readings are taken. 

1 spare extraction chamber (for manometric apparatus). 
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1 combustion chamber for determination of H2, O2, and combustible gases (see 
figure lo, chapter III). 

GENERAL REAGENTS EOR BLOOD GAS DETEEMINATIONS 

Approximately 1 n lactic acid, made by diluting 1 volume of concentrated 
acid of 1.20 specific gravity to 10 volumes with water. This lactic acid solu- 
tion should be CO 2 free, because it is used in determining CO 2 in blood. The 
distilled water is likely to contain a little CO 2 held, by ammonia or by alkali 
dissolved from glass, in the form of alkali bicarbonate. To remove such 
CO 2 after the water and concentrated lactic acid are mixed the solution is 
aerated by shaking it in a large evacuated flask or by bubbling air through 
it. The CO 2 content is thus reduced to about 0.03 volumes per cent, in 
equilibrium with atmospheric CO 2 . 

Approximately 0.1 n- lactic acid made by diluting the above 10-fold and 
aerating or boiling to remove carbon dioxide. 

IS iv {saturated) CO^-free sodium hydroxide. NaOH is dissolved in an 
equal weight of water, and the solution is permitted to stand in a paraffin 
lined bottle until the carbonate has settled. 

5 -V sodium hydroxide {20 per cent). Of the above 18 n solution 27 cc. are 
diluted to 100 cc. to make the 5 N solution, which is kept protected from 
atmospheric CO 2 in the soda-Hme tube shown in figure 53, p. 363. 

Approximately 1 n sodium hydroxide. Of the above described 18 n NaOH 
5.5 cc. are diluted to a liter. 

20 per cent sodium hyposulfite. Ten grams of powdered sodium hjqjo- 
sulfite (Na 2 S 204 ) and 1 gram of sodium anthraquinone beta-sulfonate^ are 
placed in a beaker. The two solids may be conveniently mixed in large 
amounts. Then 1 1-gram portions of the mixture may be measured with suffi- 
cient accuracy by volume in a marked test tube. Fifty cubic centimeters of 
1.0 N potassium hydroxide solution are poured over the pulverized reagents 
in the beaker and immediately stirred for a few seconds with a rod. To 
remove some insoluble impurity thatis usually present the solution is quickly 
filtered through cotton. It is at once transferred to the chamber of the gas 
analysis apparatus, where it is freed from air, and whence it is transferred to 
a container under oil, as described below, or to the modified Hempel pipette 
shown in figures 1 1 and 50 ; the pipette in this case contains mercury to protect 
the hyposulfite from air. The processes of dissolving, filtering and transfer- 
ring to the gas apparatus should be carried out as quickly as possible in order 
to avoid oxidation of the solution by the air. The anthraquinone beta-sulfo- 

^ The sodium anthraquinone beta-sulfonate may be obtained from the Eastman Kodak 
Company. 
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nate is not absolutely necessary. It so catalyzes the absorption of O 2 , how- 
ever, that it can be completed in 1 minute with the mixture prescribed, 
whereas three to four minutes would be required by hyposulfite alone. 
The introduction of the sulfonate is due to Fieser (9) . If the solution is kept 
under oil (figure 27) it must be used the same day it is made. If it is com- 
pletely protected from air by mercury (fig. 11) it can be used for a fortnight 
but not longer. WTien the solution deteriorates, either from oxidation or 
from standing, the deep red color changes to a light red or yellow. 


L — Oil 



Fig. 27. Transfer of gas-free solution from extraction chamber to oil-containing tube. 
There should be enough oil to make a layer about 4 cm. deep. 

Neutral saponin solution. Three grams of saponin are dissolved in 1 liter 
of water. 

Neutral saponin-ferricyanide solution. Six grams of potassium ferri- 
cyanide and 3 grams of saponin (Merck) are added to 1 liter of water. 

Acid saponin-ferricyanide solution. Two solutions are made : (a) 8 grams 
of saponin and 32 grams of potassium ferricyanide are diluted with water to 
1 liter; (b) 8 cc. of concentrated lactic acid of specific gravity 1.20 are diluted 
to 1 liter. Before use equal volumes of the two solutions are mixed. The 
acid mixture gradually decomposes and some of the products settle as a 
blue precipitate. Consequently the combined acid mixture should be made 
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up in amounts sufficient only for immediate use. The mixture may be used 
for some days, but it is safe practice to discard the unused portion at the 
end of each day’s work. 

Winkler'' s aiprous chloride solution for absorbing carbon monoxide. Two 
hundred grams of cuprous chloride and 250 grams of ammonium chloride 
are dissolved in 750 cc. of water. 

Pure cuprous chloride should be white. On exposure to air, moisture or 
light, however, it takes on a greenish tinge and becomes less soluble in 
ammonium chloride, because of the formation of a copper oxychloride. In 
order to avoid the formation of the insoluble oxychloride durmg the prep- 
aration of the solution, the procedure should be carried out with the exclu- 
sion of air, as far as possible. This can be done by making up the solution in 
a flask or bottle just large enough to contain it. A coil of copper wire which 
will extend throughout the depth of the solution is placed in the container. 
The flask or bottle is stoppered tightly with a rubber stopper as soon as the 
salts and water have been introduced and is then shaken to aid in their solu- 
tion. The reagent is then covered with a layer of paraffin oil and kept in 
the same container, with the copper coil, without transfer. The oxychloride 
which forms will settle out fairly rapidly and the supernatant fluid can be 
removed as it is required. 

Gas-free reagent solutions. The sodium hydroxide and hyposulfite solu- 
tions are freed of air by running about 25 cc. of solution into the 50-cc. 
chamber of the gas apparatus, either volumetric or manometric. The 
chamber is then evacuated and shaken for about three minutes. The air 
which has been extracted is ejected from the top of the chamber, the cock 
is sealed with a drop of mercury and the apparatus is evacuated and shaken 
again. If another bubble of air is obtained it is ejected and a third extrac- 
tion performed, which in practically all cases leaves no measurable amount 
of dissolved air in the solution. 

The air-free solutions are either transferred under oil to containers 
made by attaching pinch-cock tips to calcium chloride tubes, as shown in 
figure 27, or, much better, are stored in the modified Hempel pipettes shown 
in figures 1 1 and 50, where absolute protection from air is afforded by mercury 
in the upper bulb. The tip of the tube leading to either receiver is provided 
with a rubber ring cut from a capillary tube of soft rubber of about 1-mm. 
bore and 5-mm. outside diameter. The lower end of the ring is slightly 
beveled to fit into the bottom of the cup of the gas apparatus (fig. 27). By 
raising the mercury leveling bulb and opening the connecting cocks the solu- 
tion is forced up into the receiver, which is already provided with oil (fig. 27) 
or mercury (fig, 11) to protect the solution from air. The protection af- 
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forded by oil is not absolute, but suffices for one morning or afternoon. 
The protection from air afforded by mercury in the modified Hempel pipette 
(fig. 11) is complete. 

CLEAEHNG THE EXTRACTION CHAMBER 

Between analyses for both carbon dioxide and oxygen the following 
is a quick and satisfactory method of cleaning either type of apparatus. 
The residual solution from the last analysis is ejected, either through 
the outlet tube of the upper cock or, preferably, into the cup, whence it 
is drawn off by suction. The level of the mercury is dropped to the 
bottom of the chamber by lowering the leveling bulb. Ten or IS cc. of 
of water are admitted into the evacuated chamber. If carbon dioxide 
is to be determined in the next analysis, about 1 cc. of the normal lactic 
acid is also added. The chamber is shaken for a few seconds. The 
extracted gases and solution are then ejected. Such portions of the 
solution as remain adherent to the walls of the chamber are so nearly 
gas free that they cause no error in the subsequent analysis. 

After use of the acid ferricyanide solution, as in determination of 
hemoglobin by the CO capacity method, some particles of methemo- 
globin are likely to cling to the walls of the chamber. These are quickly 
dissolved if a few drops of alkaline hyposulfite are added to the first 
portion of water used to rinse out the chamber after the analysis is 
finished. 

Occasionally it is well to leave the chamber overnight full of chromic- 
sulfuric acid cleaning mixture. Chromic-sulfuric acid may be drawn 
down into the glass tubing below the chamber for a few minutes without 
injuring the rubber joint. 

When not in use the chamber and cup of the apparatus are left 
filled with water. 


LEAKAGE 

It is advisable before beginning a series of analyses to test either 
the volumetric or manometric apparatus for leaks. Two or 3 cc. of 
water are introduced into the chamber and the air is extracted by shak- 
ing as described for oxygen determinations. The volume of extracted 
gas is read, in the case of the volumetric apparatus. In the manometric 
apparatus the manometer is read with the gas volume at 0.5 cc. The 
extraction is repeated. An increase in volume or pressure indicates 
a leakage of air into the evacuated apparatus. 



POINTS OF TECHNIQUE. BOTH .APPARATUSES 


237 


The cause of a leak is usually improper grinding or lubrication of the upper 
cock. In the case of the volumetric apparatus, diffusion of air through the 
tube connecting the chamber with the mercury leveling bulb may let air 
enter the chamber from below, unless a Shohl trap is used (fig. 28). Diffu- 
sion through the tube of the manometric apparatus is prevented by the 
mercury seal (fig. 35), which makes a Shohl trap unnecessary. 



Fig. 28. Shohl air trap for volumetric apparatus. The trap is made of thick walled 
glass tubing and is sealed at A to the lower end of the apparatus shown in figure 26. The 
angle B must be less than 90 degrees, and B must be located higher than C. JS is a cock 
from which one can occasionally eject air that diffuses through the rubber tube of the 
leveling bulb and collects in D. F connects with the mercury leveling bulb. From Shohl 
(34). 


RUBBER TUBING 

Diffusion through the rubber tube of the volumetric apparatus may be 
minimized by using a tube with very heavy walls and by keeping the leveling 
bulb routinely in position 2 (fig. 26). It should be lowered to position 3 
only for the few seconds necessary to evacuate the chamber. Some tubing 
appears to be more porous than others, and the best tubing becomes porous 
after months of use. The best is the heavy-walled, greyish red, ‘‘nitrorn- 
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0 t 6 r tubing.” If th6 ubovc prscmitions fuil to provont sigiiific3,iit Ic3,k3,g0 
of air into the apparatus through difi'usion, a glass air trap, such as that of 
Shohi ( 34) shown in figure 28, may be added to the apparatus. A Shohl 
trap is always desirable when the volumetric apparatus is to be used for O 2 
or CO determinations. 

LIJBEICATION 

All cocks must be well ground and must be so lubricated that they turn 
smoothh- and do not leak. For lubrication successive application of vase- 
line and the vaseline-rubber mixture, described in chapter I has proven most 
5>scce5sful. 

men the cock at the top of the gas chamber in either the volumetric 
of manometric apparatus is to be lubricated, it is well to have some water 
in the chamber. After the cock is lubricated and replaced, this water 
is forced up into the cup. Then any small plug of grease that may have 
entered the capillary above or below the cock is forced up and out, 
instead of being drawn into the chamber, where it might adhere obsti- 
nately to the wall in the upper part. 

Sometimes the curved capillary outlet at the top of the gas chamber 
may become so clogged with grease that the pressure obtained by 
raising the leveling bulb does not sufldce to force fluid through. In 
this case the capillary can be cautiously warmed with the flame of a 
match or candle moved back and forth below it, or by wrapping it in a 
cloth soaked in hot water. The grease is softened, arid can then be 
readily forced out. 

USE OE CAPRYLIC ALCOHOL TO PREVENT FOAMING 

With analyses of either whole blood or serum it is necessary to add caprylic 
alcohol to prevent foaming. It is desirable to keep the amount of caprylic 
alcohol small, 1 drop for plasma analyses and 2 drops for whole blood. 
The alcohol dissolves more air than does water, and may contain impurities 
with sufficient vapor tension to affect measurably the results yielded by the 
volumetric apparatus (the manometric is nearly immune to errors due to 
vapor tension). Each lot of caprylic alcohol should be tested by analysing 
standard carbonate solutions wdth and without addition of the alcohol. 
If the latter causes an appreciable error it should be redistilled under re- 
duced pressure, the first portion of the distillate being rejected. 

CALIBRATION OF THE CHAMBER OF THE APPARATUS 

The chamber of either the volumetric or manometric apparatus is 
disconnected from the leveling bulb and is fastened upright in a clamp. 
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To the outlet at the bottom is attached a short capillary tube bearing 
a two-way cock, and drawn out to a fine point below. The attachment 
is made glass to glass with a piece of heavy walled “nitrometer” rubber 
tubing. By suction applied to the outlet capillary at the top of the 
chamber, the latter is filled with water drawn up from below. The 
lower cock is then closed and the upper cock turned so that the chamber 
is connected with the air in the cup. By manipulation of the lower cock 
water is then drawn off and weighed to within 1 mg. under paraffin oil, 
as described for calibration of burettes in chapter I. 

The calibration device shown in figure 5 of chapter I can also be used, 
in place of the above technique. 

The scale of the volumetric chamber is calibrated at 0.1-cc. intervals 
and a curve is made showing the volumes which must be added to or 
subtracted from the scale readings in order to give the true readings. 

The manometric apparatus requires precise calibration at only two 
points the 0.5 and 2.0-marks (fig. 35). It is desirable to etch on the 
chamber the exact volumes measured at the 0.5 and 2.0-cc. marks. 

HANDLING BLOOD S.AMPLES 

Blood for determination of oxygen or carbon dioxide must be drawn and 
handled before analysis without contact with air, except for the momentary 
exposure of a small surface that occurs when the sample is drawn into a 
pipette. If a large surface of the blood is exposed even momentarily enough 
oxygen may be taken up or carbon dioxide given off to affect measurably 
the results. Therefore blood for gas analyses must be drawn and handled 
by the anaerobic technique described in chapter II. 

MEASURING SAMPLES OP BLOOD INTO THE G.AS APPARATUS 
Types of pipettes used* 

For delivery of 1 and 2-cc. samples of blood, pipettes of the type shown 
in figure 30 have been found most satisfactory. They are made with heavy 
walled capillary stems of 1-mm. bore, and are provided with stop-cocks, as 
shovm in figure 30. They are calibrated to deliver between two marks, one 
on the upper stem and one above the cock on the lower stem. Each pipette 
is provided at the tip with a rubber ring, as shoivn in figures 29 and 30. 

*An automatic pipette designed especially for use with the blood gas apparatus 
was described by Guest after this chapter had gone to press. The description is added 
to the appendix of this volume. 
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This ring is made by cutting a length of about 1 cm. from a tube of soft 
rubber, with a bore of 1 mm. and walls 2 mm. thick. The ring is tapered 
somewhat by grinding down the outer edge of one end with sandpaper or an 
emery w'heel, at such an angle that the rubber will fit into the bottom of the 



Fig. 29 Fig. 30 


Fig. 29, Delivery of blood sample into chamber of gas apparatus from rubber tipped 
pipette without stop-cock. 

Fig. 30. Delivery of blood sample into chamber of apparatus from rubber tipped 
stop-cock pipette. From Van Slyke and Neill (59) . 

cup of the gas chamber, as shown in figure 29 and 30. A pipette equipped 
with such a rubber ring will deliver fluid directly into the chamber of the gas 
apparatus. The presence of the stop-cocks is not necessary for accuracy, 
but is a decided convenience. 

For delivery of samples of 0.5 cc. or less pipettes calibrated for blow-out 
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delivery are generally used, as shown in figure 29. The O.S-cc. pipette has a 
stem of 1 mm. bore. Pipettes of 0.2 capacity are made with stems of 0.6 or 
0.7 mm . bore, and of the same shape as the pipette shown in figure 29. 
Pipettes of 0.1 cc. are made of straight capillary tubing of about 1 mm. bore, 
It is convenient to have 0.2 and 0.1-cc. pipettes calibrated both to deliver and 
to contain, as in some analyses they are used in the latter manner. 

Sometimes when a sample of blood is drawn up into a pipette small 
bubbles rise to the top, so that exact measurement of the sample is difficult. 
In such a case the bubbles are dissipated if one touches them with a fine wire 
that has been dipped into caprylic alcohol. 

Delivery from rubber tipped pipette without stop-cock {figure 2Pfi 

This is the most economical, precise method of delivering samples oi 
blood into the gas apparatus, for all the blood drawn into the pipette 
is utilized in the analysis. Hence the method is used in micro 
analyses, with samples of O.S cc. or less blood. It can be used 
equally well with larger samples, but when plenty of blood is avail- 
able the stop-cock pipette is somewhat more convenient. 

The pipette is fiflled above the mark on the upper stem with blood. 
It is then placed in a nearly horizontal position and the excess blood is 
drawn from the tip by absorption with a filter paper or towel, until the 
blood surface in the upper stem has fallen to the level of the mark. The 
pipette is then tilted a little from the horizontal, with the tip upwards, 
so that the surface of the blood in the stem rises about 2 mm. above the 
mark. The upper stem of the pipette is then closed with a finger, and 
pipette tip is pressed into the bottom of the cup of the gas apparatus 
as shown in figure 29. When the pipette is changed from the hori- 
zontal to the vertical position the surface of the blood in the stem should 
move down the stem just far enough to return to the calibration mark. 

Before the pipette tip is inserted into the cup of the gas apparatus 
the latter is arranged as shown m figure 29, with the cock there shown 
open, and the cock (not shown) leading to the mercury leveling bulb 
closed. The reagents with which the blood is to be mixed in the 
chamber are, as shown in figure 29, to be partly in the chamber and 
partly in the cup. 

After the pipette tip has been pressed into position in the cup the 
finger is removed from the opening at the top of the pipette, and the 

2 This procedure has not been previously described. It was developed, after the 
original papers had been published, in order to meet a situation which required precise 
and economical delivery of 0.5 cc. blood samples. — D. D. V. S. 
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flow of blood into the chamber is regulated by cautious opening of the 
cock which leads to the mercury leveling bulb. It is possible to 
regulate the flow of mercury through a cock more smoothly than the flow 
of blood : hence the mercury cock is used instead of the cock shown in 
figure 29. During the admission of the blood the mercury leveling 
bulb is at such a level as to cause a slight negative pressure in the 
chamber of the gas apparatus. 

The delivery is continued until the blood has entirely left the pipette, 
and a bubble of air has followed the column of blood into the capillary 
beneath the cup of the gas apparatus, as shown in figure 29. At this 
moment the cock shown in figure 29 is closed. The pipette is then 
withdrawn from the cup. The bubble of air left in the capillary is dis- 
lodged by means of a fine wire that has been dipped into caprylic 
alcohol. As much of the reagent solution or water from the cup as is 
desired is then admitted into the chamber, washing in with it the blood 
in the capillary of the cock. 

Delivery from rubber tipped pipette with stop-cock 

If a pipette with a stopcock is used, the procedure is similar, except 
that at the beginning it is not necessary to make the blood in the pipette 
flow above the mark in the upper stem. The blood sample is drawn up 
to the mark, and the cock is closed. The pipette is then placed in 
position as shown in figure 30, and the flow of blood is regulated as 
above described by manipulation of the cock leading to the mercury 
bulb. The flow of blood in this case is stopped when the blood surface 
in the pipette has fallen to the mark on the lower stem : at this moment 
the cock of the pipette is closed and likewise the cock of the gas appa- 
ratus shown in figure 30. The pipette is withdrawn from the cup, and 
as much of the reagent solution in the cup as is desired is admitted into 
the chamber, washing in with it the blood in the capillary. 

Delivery from pipette without either rubber tip or stop-cock 

The pipette tip is rested on the bottom of the cup during delivery, 
the cup being partially filled with water or reagent solution, as in the 
above cases. As the blood flows out from the tip of the pipette the 
cock at the top of the chamber of the gas apparatus is opened enough 
so that fluid flows into the chamber a little faster than blood flows out 
of the pipette. The blood therefore flows continually into the chamber 
with a stream of water or reagent solution from the cup, which washes 
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in the blood as rapidly as it emerges from the pipette tip. This method 
of delivery was the one first used in developing the technique of blood 
gas analysis described in this chapter, and is capable of precise results. 
It requires, however, more skill and is more liable to mischance than 
the two procedures described above, in which the tip of the pipette is 
provided with a rubber ring. 

With any type of pipette it is essential for accuracy that the delivery 
be at a rate so slow that uniform drainage from the pipette walls is 
obtained. 

ADMISSION OP ABSORBENT SOLUTIONS INTO THE CHAMBER 

Sodium hydroxide, sodium Mposulfite, and cuprous chloride solutions 
are added directly into the chamber to absorb carbon dioxide, oxygen and 
carbon monoxide, respectively. After adding any of these solutions through 
the upper cock, a drop of about 0.01 cc. usually adheres to the lower side of 
the cock, at the top of the calibrated stem of the apparatus. This fluid if 
left would cause an error in the reading of the volume or pressure of gas. 
The drop is readily detached, however, by rmining a little mercury through the 
cock. This should be done as a routine after any absorbent solution is admitted 
into the chamber of either the manomeiric or volumetric apparahis. 

After an absorbent solution has been added through the top of the cham- 
ber about one minute is required for it to drain completely down the walls of 
the space in which the gas volume is measured. One must consequently 
wait about one minute before reading the gas volume or the manometer in the 
volumetric or manometric types of apparatus respectively. Otherwise the 
amount of residual gas will appear to be measurably greater than it really is. 
For example, in oxygen determinations in the manometric apparatus, if the 
pressure of O 2 + N 2 on the manometer is read immediately after the CO 2 
is absorbed with 1 n sodium hydroxide, the pressure observed will be as a 
rule about 1 millimeter greater than it is when read a minute later, after 
drainage has been completed. The reason is that when the immediate read- 
ing is taken the gas volume above the 2.000-cc. mark is really a little less 
than 2 cc. because of the small volume of alkali solution which has not yet 
drained down from the walls. 

READING MENISCUS OP SOLUTION IN CHAMBER 

Both types of chambers are cahbrated to give correct results when the 
bottom of the water meniscus is read. The bottom of the meniscus, in the 
tubes of about 4-mm. bore, is approximately 1.5 mm. below the top, so that 
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a marked error would be made if the top were read. With deeply colored 
solutions, such as those of whole blood, it requires some practice to judge 
accurately where the bottom of the meniscus is, and there is a tendency at 
first to read a point about 0.5 mm. too high. If a “frosted” light is placed 
about SO cm. behind the chamber when such solutions are in it the exact 
location of the meniscus bottom is defined. Such a light is almost indispen- 
sable for exact analyses of whole blood. 

SEALING THE COCK OF THE CHAMBER WITH MERCURY 

An ordinary glass cock wiU not hold a vacuum unless the bore of the cock 
is filled with mercury. In using either the manometric or the volumetric 
apparatus the curved capillary outlet at the left of the cock of the chamber 
is kept continually filled with mercury, likewise the bore leading through 
the cock to this capillary. The other bore, leading to the cup above the 
chamber, must be fiUed with mercury each time before the chamber is 
evacuated. The sealing of this cock with mercury is carried out as follows: 

After blood or reagent solutions have been measured into the cham- 
ber, and before the chamber is evacuated, the cup at thte top is routinely 
about half filled with water, and about 0.2 cc. of mercury is dropped in. 
The mercury is admitted into the chamber until just enough is left 
above the cock to fill the capillary leading up to the cup (see figure 35). 
The addition of the water precedes that of the mercury, because if 
the mercury were dropped into the empty cup it would be difficult to 
avoid trapping air in the capillary with the mercury. After the cock 
has been sealed with mercury the water is removed from the cup, and 
the next step of the analysis is begun. 

Analyses with the Volumetric Apparatus 

READING gas VOLUMES AT ATMOSPHERIC PRESSURE IN THE VOLUMETRIC 

apparatus 

After the gases have been extracted from solution in each analysis 
the solution in the chamber is drained off into the bulb below as com- 
pletely as possible before mercury is readmitted and the reading is 
taken. However, a slight film of water always remains on the walls 
of the chamber and collects to the extent of a few hundredths of a 
cubic centimeter on the surface of the mercury as the latter rises through 
the chamber. Consequently exact atmospheric pressure is not obtained 
by placing the surface of the mercury in the leveling bulb opposite 
that in the chamber. The mercury in the leveling bulb must be slightly 
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higher than that in the chamber in order to balance the column of water 
on top of the latter. The level is obtained with sufficient accuracy 
by estimating with the eye the height of the water column (fig. 31) 
and raising the inercury meniscus in the bulb 1 mm. above that in the 
chamber for every 13 mm. depth of the column of water solution. As 



Fig. 31. Conditions for reading gas volume at atmospheric pressure in the volumetric 
blood gas apparatus. From Van Slyke (44). 


the latter is usually not more than equivalent to 1 mm. of mercury, 
the correction is insignificant. 

CARBON DIOXIDE IN PLASMA OR WTIOLE BLOOD® 

Reagents 

0.1 N lactic acid, 1 n NaOH, and caprylic alcohol, described previously 
under “General reagents.” 

® The use of the apparatus originally described by Van Slyke (44, 45) is somewhat modi- 
fied by improvements in reagents and manipulations later introduced by Van Slyke and 
Stadie (64) and Van Slyke and Neill (59). 
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Procedure 


After having been cleaned and tested for leaks as described above, 
the apparatus (fig. 26), including both capillaries above the upper cock. 



Fig. 32. Stadie’s automatic shaking device for the volumetric blood gas apparatus 
It is run at a speed of 200 to 250 revolutions per minute. From Stadie (38) . 


is filled with mercury. One drop of caprylic alcohol is placed in the 
bottom of the cup and permitted to flow down into and fill the capillary 
beneath. Two cubic centimeters of carbon dioxide-free 0.1 n lactic 
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acid are placed in the cup, and the sample of 1 cc. of blood or plasma is 
run into the chamber underneath this aqueous layer, as described 
above under ‘‘Measuring samples” and shown in figure 29 or 30. 
Sufficient of the acid is admitted after the sample to bring > the volume 
of solution in the apparatus to 2.5 cc. A drop of mercury is then placed 
in the cup ; it is permitted to fill the capillary and bore of cock e, to act 
as seal to the latter, and the cock is closed. During the above opera- 
tions the mercury bulb is at position 2 (fig. 26) and the lower cock is 
open, so that slight negative pressure is maintained in the chamber. 

In order to extract the carbon dioxide from solution the mercury 
bulb is lowered to position 3 (fig. 26) and held there until the meniscus 
of the mercury (not of the solution) in the chamber has fallen to the 
50-cc. mark. The lower cock is then closed and the leveling bulb is 
returned to position 2. The carbon dioxide is now extracted from the 
solution by shaking the latter either by hand, or at the rate of about 
200 revolutions per minute with the Stadie shaker (fig. 32) . For shaking 
the apparatus by hand in plasma analyses the chamber is removed from 
its holder and inverted 15 or more times. With whole blood it is 
preferable to rotate the solution about the walls of the chamber in order 
to avoid foam. With the Stadie shaker two minutes agitation is used. 
The chamber is then returned to its holder and allowed to stand for a 
minute to permit the solution to drain down from the walls to the bottom. 
The leveling bulb is once more lowered to position 3, the lower cock is 
opened to connect the chamber with trap d under the lower cock, and 
the fluid from the chamber is drained down into the trap, care being 
taken that no gas is permitted to follow. The leveling bulb is raised 
to approximately the position shown in flgture 31. The lower cock is 
then turned so that merciuy is admitted to the chamber through tube c 
(fig. 26) until the gas is brought to atmospheric pressmre as shown 
in figure 3 1 . The stop-cock is not opened suddenly so that the mercury 
swirls when it first enters the chamber, but is gradually opened while 
the mercury is rising through the expanded portion of the chamber. 
During the admission of the last part of the mercury the flow is retarded 
by partially closing the lower cock, so that the meniscus in the calibrated 
stem comes slowly and smoothly to its position of equilibrium with the 
atmospheric pressure, .as shown in figure 31. The lower cock is then 
closed and the gas volume is noted. If the layer of solution floating 
on the mercury is permitted to oscillate up and down it will reabsorb 
enough carbon dicxide to cause appreciable error in the determination. 
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In the case of plasma the reading of the total gas volume may be taken 
as the finish of the determination. A certain amount of air carried into the 
apparatus dissolved in the plasma and 0.1 N lactic acid is mixed with the 
carbon dioxide, but the correction necessary for this admixed air may be cal- 
culated from the solubility of air in water at room temperature and in plasma 
at 38° with sufficient accuracy for most purposes. The air corrections so 
calculated are given in the second column of table 24, 

When CO 2 in plasma is thus determined, without the introduction of 
alkali, it is not necessary to wash the apparatus out between analyses. The 
slight amount of CO 2 remaining dissolved in the film of acidified solution, 
which adheres to the chamber walls after the reagents are ejected, is negligible. 

If the analysis is thus shortened by omitting alkali absorption of CO 2 
the apparatus must be provdded with a Shohl trap (fig. 28), or its equivalent, 
to prevent the slightest access of air to the chamber during the analysis. 
A blank extraction of 2.5 cc. of the 0.1 n lactic acid should yield no more 
extracted gas than the volume indicated in the second column of table 24. 

If whole blood is analyzed so much oxygen is mixed with the carbon 
dioxide that it is necessary to determine the latter always by absorption 
with alkali. The gases are first extracted and their volume measured 
as above described. Then the leveling bulb is lowered so that a partial 
vacuum is obtained and the gas space is increased to about 5 cc. in the 
chamber. The lower cock is then closed and 2 cc. of the gas-free 1 n 
sodium hydroxide solution is placed in the cup of the apparatus. 
1 cc. of the alkali is allowed to flow slowly into the chamber, at least 
30 seconds being taken for its admission. As it flows down the walls 
it completely absorbs the carbon dioxide. If the alkali solution were 
added at atmospheric pressure it would absorb along with the carbon 
dioxide a slight amount of the oxygen. After the alkali has been 
admitted the upper cock is sealed with mercury, of which a few drops 
are permitted to flow through the cock to dislodge the drop of alkali 
usually adhering to the lower side of the cock. The leveling bulb is 
now lowered to position 3 and the alkali solution is drawn down into 
the 15-cc. bulb with the other solutions previously trapped there. The 
volume of unabsorbed oxygen and nitrogen is then measured. The 
difference between this and the first reading represents the volume of 
carbon dioxide. 

This procedure is also used in analyses of plasma when maximum 
accuracy is desired. 
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Calculation of carbon dioxide content. When the carbon dioxide is ex- 
tracted in the evacuated apparatus about 5 per cent of the total remains in 
the water solution. This residue is left in solution because carbon dioxide 
is soluble in water to such an extent that, ’when equiKbrium is attained at 
room temperature between the water and the gas phase, carbon dioxide di- 
\ddes itself between the two phases in about equal concentrations, 1 cc. of 
the water containing nearly the same amount of carbon dioxide as 1 cc. of the 
gas space. Since under the conditions of analysis the water solution occu- 
pies 5 per cent of the volume of the 50 cc. chamber during the extraction, 
approximately 5 per cent of the carbon dioxide remains in the solution when 
extraction has become as complete as possible. The exact amount varies 
with the temperature, since carbon dioxide is less soluble in warm than in 
cold w'ater. The solubility of CO 2 is also affected by the presence of other 
dissolved substances, but this effect is negligible for the present analysis. 
The entire calculation was expressed by Van Slyke and Stadie (64) in the 
equation 


(1) 


V, 760 ^ ^ 0.00367 d ^ ^ ^ ^ - 5 

Factor correcting for Factor correct- 
atmospheric pres- ing for unex- 

sure and tempera- tracted carbon 

ture. dioxide. 


In this formula, Vqo, too represents the carbon dioxide content of the ana- 
lyzed solution in cubic centimeters of the gas measured at 0°, 760 mm.; V t 
represents the observed volume of carbon dioxide measured in the apparatus 
at room temperature, t°, in the analysis carried out as above described; B is 
the barometric pressure; TV is the vapor pressure of the water solution at i°; 
S is the volume of water solution in the apparatus ; A is the total volume of the 
extraction chamber, viz., 50 cc.; and a' is the ratio in which carbon dioxide 
distributes itself bet’ween equal volumes of the aqueous and gaseous phases 
when extraction is completed. The values of a' for CO 2 are given in 
table 27. 

There is one other correction included in the above formula besides those 
for pressure, temperature, and solubOity of the gas in water. While the 
volume of the gas phase is being reduced from 47.5 cc. to its volume at 
atmospheric pressure (usually about 0.6 cc.) a small proportion of the 
carbon dioxide is reabsorbed from the gas phase into the water. Under the 
conditions of the analysis Van Slyke and Stadie (64) found that this reab- 
sorption averaged 1.7 per cent of the extracted carbon dioxide. Con- 
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TABLE 24 

F^cToas i'oa Cxlcclatixg CO2 Coxtest Determined by Volumetric Apparatus 
' Blood or Plasmi Samples of 1 cc. (from Van Slyke and Stadie (64)) 
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sequently the results calculated by the above equation must be multiplied 
by an empirical factor, indicated as i in the formula, which has an average 
value of 1.017. 

The factors calculated by the equation are given in table 24. When the 
carbon dioxide volume in the apparatus is determined by absorption with 
sodium hydroxide it is multiplied directly by the factor indicated. When, as 
may be done in plasma analyses, only one reading is made, that of the total 
carbon dioxide plus air, the estimated cubic centimeters of air held in solution 
under room conditions by 1.5 cc. of water plus 1 cc. of plasma (second 
column of table 24) are subtracted from the observed gas volume, and the 
remainder is multiplied by the carbon dioxide factor (third or fourth column 
of table 24) corresponding to the observed temperature. 

PLASMA C.ARBON DIOXIDE COMBINING CAPACITY. VAN SLYKE AND 

CULLEN (53) 

In this method the blood is draMm with limited exposure to air and is 
immediately centrifuged. Before the analysis the plasma is equilibrated 
at room temperature with air containing 5.5 per cent of CO 2 , in order to 
restore CO 2 which has escaped from the plasma during and after centrifuga- 
tion. In calculating the results the physically dissolved CO 2 is subtracted, 
so that the value obtained represents CO 2 in the form of bicarbonate. 

This method was introduced in 1917 to measure the marked fall in plasma 
bicarbonate content that occurs in the acidoses of diabetes, nephritis, and 
other conditions in which the bicarbonate fall is due to displacement by 
the anions of other acids. The method proved definitely practical, and is 
still in use in many clinical laboratories. It does not give so exact an indica- 
tion of the state of the acid-base balance in the blood as does direct determi- 
nation of the CO2 content made on plasma obtained under complete anaerobic 
precautions, and without equilibrating with 5.5 per cent CO2. The equili- 
bration -with air of physiologically normal CO2 tension at room tempera- 
ture gives the plasma a content of H2CO3 considerably above the level of 
physiological normality because the solubihty of CO2 at 20° is 1.6 times as 
great as at 38°. In consequence, the equilibrium, H2CO3 -f- B Protein = 
BHCO3 + H Protein, is shifted to the right so that BHCO3 is increased also. 
The bicarbonate content, or “CO2 capacity” found in venous or arterial 
blood plasma by this procedure, in blood handled strictly without contact 
with air, was found in fact by Stadie and Van Slyke (3Sa) to be about 3 vol- 
umes per cent higher than the total CO2 content of the plasma analyzed 
immediately after it was centrifuged. The relationship is quite constant, so 
that for the purpose of following pathological changes in the alkali reserve in 
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the conditions above mentioned, the CO2 capacity is entirely serviceable. 
In the conditions where it is doubtful whether over or under ventilation of 
CO2, rather than loss or retention of non-volatile acids, is responsible for an 
acid-base disturbance, it is necessary to determine both the pH and the CO2 
content in plasma as nearly as possible unchanged from its condition in the 
circulation; and in these cases the Van Slyke-Cullen CO2 capacity method 
can not be used in place of direct CO2 analysis of the anaerobically separated 
plasma. Such conditions form a small part of those in which knowledge of 
the alkali reserve is of clinical importance, however. In the majority of 
cases the physician desires to know whether a diabetic or nephritic is threat- 
ened vdth acid intoxication, or whether vomiting or alkali therapy has pro- 
duced a state of alkali excess in the blood. In these conditions the changes 
in plasma bicarbonate are gross ones (see table 68 on page 1001 of volume I), 
the primarj^ disturbance is in the alkali reserve, and the CO2 capacity 
method gives results practically as valid as CO2 determinations on anaer- 
obically separated plasma. 

The practical advantages of the CO2 capacity method are that the blood 
for it can be drawn without strict anaerobic precautions, can be centrifuged 
without protection by oil or other special precautions, and the plasma after 
separation can be kept in an open tube for several hours before it is finally 
resaturated with CO2 and analyzed. 

When equipment for anaerobic handling of blood is at hand these ad- 
vantages are not important. It is then practically as convenient to handle 
all blood anaerobically as a routine, and determine the CO2 content in the 
plasma or serum thus obtained. This in fact is the practice in the labora- 
tories of both the authors, who have for some years, since the anaerobic 
technique was perfected, abandoned the use of the original plasma CO2 
capacity method. When anaerobic blood handling equipment is not at 
hand, however, or is insufficient to be used with all bloods studied, or the 
physicians who draw the blood are not familiar with its use, the capacity 
method still fills a definite place, and for this reason is retained in the present 
volume. 


Reagents 

Same as for CO2 determination, above. 

Procedure 

Drawing blood sample. The blood, preferably S cc. or more, may 
be drawn, into an oxalated centrifuge tube arranged as shown in figure 
7, 1 of chapter n. The layer of oil in this case is not necessary. Or the 
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blood may be drawn into a syringe and transferred to a tube. From 
the syringe the transfer to a centrifuge tube should be made with the 
tip of the needle at the bottom of the tube so that the blood does not 
fall through the air. The blood in the tube is stirred gently just enough 
to mix it with the oxalate dissolved from the wall of the tube. The 
blood is subject to no other agitation or the loss of CO2 may be sufficient 
to cause such a transfer of Cl from cells to plasma that the alkali reserve 
of the latter is significantly diminished. 

Centrifugation. Within a few minutes after the blood has been 
drawn it should be centrifuged. An open tube may be used, without 
protection to prevent loss of CO2 from the fluid. Some CO2 is lost from 
the upper layer of the plasma, but the lower layers in contact with 
cells are so little affected in the time required for centrifuging that the 



Fig. 33. Separatory funnel arranged for saturating plasma with alveolar air. From 
Van Slyke and Cullen (53). 

electrolyte exchange between cells and plasma is not sufficient to alter 
significantly the bicarbonate content of the latter. 

Storage of separated plasma for analysis. Immediately after 
centrifugation the plasma is pipetted off from the cells and transferred to 
a clean test tube. Its CO2 capacity will there remain unchanged for 
the duration of a working day. If the tube, before the plasma is trans- 
ferred to it, is provided with a paraffin lining, and is stoppered and placed 
in a refrigerator as soon as the plasma has been placed in it, the CO2 
capacity of the latter will remain unchanged for several days. If the 
plasma is left in contact with ordinary glass for more than a few hours 
enough alkali may be dissolved to increase measurably the CO2 capacity. 

Saturation of the plasma with air containing approximately 
5. 5 per cent of COo. As a saturating vessel a 300-cc. separatory funnel 
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of the type shown in figure 33 is convenient. To obtain material for 
duplicate macro analyses, 3 or 4 cc. of plasma are placed in the funnel. 
The latter is then turned on its side, and the air in it is replaced either 
by alveolar air from the lungs of the operator or by a 5.5 per cent CO 2 - 
air mixture from a tank. In either case the mixture must be passed 
over glass beads before it enters the funnel (see fig. 33). Otherwise 
when air from the lungs is used the plasma is appreciably diluted with 
moisture vrhich condenses from the breath on the inner walls of 
the funnel. 

By passage over a large surface of either wet or dry glass beads at 
room temperature the expired air is cooled, and the excess moisture 
in it is condensed, so that not enough is carried into the funnel to cause 
an appreciable error. When, on the contrary, a dry C02-air mixture 
from a tank is used, it causes an appreciable evaporation from the 
surface of the plasma, with consequent increase in its concentration 
and in the carbon dioxide capacity. This also is obviated if the gas 
mixture is passed over wet beads, so that it approaches saturation 
with water vapor. 

For obtaining an artificial mkture of air containing 5.5 per cent of CO2 one may use an 
ordinarj' metallic gas tank capable of standing 20 atmospheres pressure and provided with 
an accurate pressure gage. Carbon dioxide is run in from another tank until the de- 
sired pressure is indicated. Then air is run in until the total pressure of air plus CO2 
is IS.2 times that of the CO2 (taking into account that the tank contains one atmos- 
phere more than the gage registers). The tank is then laid on its side for a half-hour to 
give the gases an opportunity to mix thoroughly, and samples are drawn for analysis 
before the mi.xture w’as used. The analysis has to be repeated every few days, as the 
CO2 content of the gas sometimes changes. In order to displace completely the air in the 
separator}’ funnel with the CO2 mixture, five or more volumes are run through, the gas, 
after leaving the funnel, being collected in a gasometer or rubber bag so that the volume 
passed can be roughly estimated. 

When alveolar air is used, the operator, without inspiring more deeply 
than normal, expires as quickly and as completely as possible through 
the bottle of glass heads and the separatory funnel connected as shown 
in figure 33. The stopper is inserted just before the expiration is 
finished, so that there is no opportunity for outside air to be drawn back 
into the funnel. With a little practice a normal person can consistently 
fill a 300-cc. separatory funnel with air containing within a few tenths 
of a per cent of the desired 5.5 per cent of CO 2 . The composition is 
not, of course, so constant as that obtained when an analyzed gas 
mixture is used to fill the funnel, but as a matter of experience we have 
never found that the deviations caused significant error in the results. 
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A change of 0.5 per cent in the COo concentration of the air with which 
the plasma is shaken causes a change of only about 1 volume per cent 
in the COo plasma COo content, which is normally 60 to 80 volumes 
per cent. 

In order to saturate the plasma the funnel is rotated for two minutes 
so that the plasma is distributed in a thin layer as completely over the 
interior of the funnel as is possible. Two minutes rotation in this 
manner has been uniformly found to be sufficient, but one minute is 
usually not enough. When several analyses are to be done they can 
be performed at one time by placing the funnels in a rack which can 
be turned, or by binding them together with elastic bands. The Stadie 
rotator, shown in figure 34, can be used. 

Determination of carbon dioxide content of the saturated 
plasma. The stoppered funnel is placed upright for a few minutes, so 
that the plasma drains to the contracted lower end. One cubic centimeter 
portions of the plasma are drawn up into pipettes calibrated for com- 
plete delivery, and the analyses are carried out as described previously 
for COo determinations on plasma. The delivery of the 1 cc. samples 
into the chamber of the apparatus is accomplished by the technique 
shown in figure 29 on page 240. The total volume of CO 2 + air ex- 
tracted from the 2.5 cc. of acidified plasma solution is measured. The 
analysis is then finished. Absorption of the CO 2 with alkali is unneces- 
sary, since the correction for the amount of air present can be calculated 
with sufficient accuracy from the solubility of ah* in water. 

Because no alkali is used, the apparatus can be used for a series of 
determinations without washing it out between analyses. The film of 
acid solution left on the wall after the solution analyzed has been 
ejected does not contain enough CO 2 to affect the next analysis. 

Calculation 

Table 25 enables one to convert the observed gas volume readings into 
volumes per cent of CO 2 bound as bicarbonate directly, without calculation 
except that required to correct for barometric pressure. It is usually suffi- 
ciently exact if one makes the estimation to the nearest volume per cent. 

Example. The observed gas volume is 0.78 cc. at 23°, 752 mm. Multiplying by 
752/760, or 0.989 (bottom of table 24) reduces the gas volume to 0.774 cc. Reference to 
table 25 shows that at 23° this indicates 65 volumes per cent of CO 2 binding capacity. 

The figures in table 25 were calculated by V an Slyke and Cullen by subtracting from 
the observed volume of extracted air and CO 2 a correction for the volume of air dissolved 
at room temperature in the 2.5 cc. of solution, and for the volume of CO 2 physically dis- 
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For Calculation of the Carbon Dioxide Coubining Capacity of Blood Plasma 
(from Van Slyke a.nd Cullen (So)) 
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solved as H2CO3 when the plasma was saturated with air containing 5.5 per cent of COa. 
This correction at ordinary temperatures is about 0.05 cc., nearly the same as the correc- 
tion for dissolved air. The corrected gas volume, representing CO2 from BHCO3, is then 
reduced to 0°, 760 mm. by the usual factors. In addition a correction is made for- the 
effect of variations in temperature at the time of saturation on the amount of COj bound 
as bicarbonate. Between 10° and 30° it was found that 1° rise of temperature at the 
time of saturation decreased the amount of bicarbonate CO2 by an average of 0.36 per 
cent of its value. A correction for this effect is also included in computing table 25. The 
figures in table 25 are so calculated that, regardless of the room temperature at which 
saturation and analysis are performed, the carbon dio-ride combining power indicated by 
the table represents the volumes per cent of CO2 that the plasma can bind as bicarbonate 
when saturated at 20° with air containing CO 2 at approximately 41 mm. tension. If the 
results so obtained are multiplied by 0.94 they indicate within 1 or 2 per cent the amount 
of bicarbonate in plasma saturated at the same CO 2 tension but at body temperature 
(37-38°). It has been the convention to use the values for 20°. 

OXYGEN IN BLOOD 

The oxygen combined with hemoglobin is set free by ferricyanide, which 
changes the hemoglobin to methemoglobin. The freed oxygen gas, together 
with some carbon dioxide, is extracted. The CO2 is absorbed with alkali. 
The O2 is . then measured by absorption with sodium hyposulfite solution. 

Reagents 

Neutral ferricyamde-saponin solution. 

1 N sodium hydroxide solution, gas-free. 

Alkaline hyposulfite solution, gas-free. 

Caprylic alcohol. 

These have all been described in this chapter under “General reagents.” 

Procedure 

A drop of caprylic alcohol and 10 cc. of the ferricyanide solution 
are run into the chamber of the apparatus (fig. 26), the upper cock is 
sealed and the chamber is evacuated by lowering the leveling bulb and 
opening the lower cock. All the mercury is run out of the chamber, 
leaving only the solution in it. The solution is now shaken thoroughly 
in the evacuated chamber to extract the air. If during this procedure 
mercury were left in the chamber it would decompose part of the ferri- 
cyanide. In case the Stadie shaker is used, three minutes are taken 
for the extraction of the air. If the extraction is done by hand the time 
required is usually shorter, but depends somewhat on the way in which 
the manipulator handles the apparatus, which is shaken in such a 
manner that the solution is whirled about the walls. After extraction 
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is complete the chamber is returned to its holder and mercury is read- 
mitted. The extracted air is ejected through the cup and 6 cc. of the 
solution are forced up into the cup. It is advisable before this moment 
to have the 2 cc. blood sample ready in a stop-cock pipette. If the 
Stadie shaker is used one may employ the three minutes required 
for extraction of air from the reagent solution to mix the blood and 
draw a sample into the pipette shown in figure 30. As quickly as pos- 
sible after the 6 cc. of reagents have been forced up into the cup, the 
blood sample is run into the chamber of the apparatus, as described 
above under ‘‘Measuring samples.” One cubic centimeter of the 
reagent solution is run in after the blood, leaving 5 cc. in the cup. This 
portion left in the cup is discarded. Its purpose has been to serve as a 
protecting layer to prevent diffusion of atmospheric air into the 1 cc. 
at the bottom, which is used to wash the last drops of blood into the 
chamber. 

The sample and reagents being in the chamber, the upper cock is 
sealed with a drop of mercury. The apparatus is now evacuated, the 
mercury is withdrawn from the chamber, and the latter is shaken two 
to three minutes to extract the oxygen set free by the ferricyanide 
from combination with the hemoglobin. If the shaking is done by 
hand it is preferable to whirl the solution about the walls of the chamber, 
rather than to invert the apparatus repeatedly. Whole blood tends 
to foam despite the caprylic alcohol if the chamber is shaken by 
inversion. 

When extraction is complete the gas volume is reduced to about 5 
cc. and 2 cc. of the gas-free 1 h sodium hydroxide solution are placed 
in the cup of the apparatus. One cubic centimeter of the alkali solution 
is run slowly into the partially evacuated space to absorb the carbon 
doxide which has been extracted from the blood with the oxygen. If 
the alkali solution were added to the oxygen-carbon dioxide mixture 
at atmospheric pressure it would absorb a slight amount of the oxygen 
along with the carbon dioxide. A few drops of mercury are then ad- 
mitted from the cup to dislodge the drop of alkali that usually adheres 
tmder the cock at the top of the chamber. 

The solution is now drawn down into the trap bulb below the chamber, 
and the oxygen and nitrogen gas extracted from the blood are measured 
as illustrated in figure 31. A “frosted” light about 50 cm. behind the 
chamber will usually be needed to show sharply the meniscus of the 
dark methemoglobin solution. 

The oxygen is now absorbed as follows. Two cubic centimeters of 
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air-free h 3 rposulfite solution are placed in the cup. The lower cock of 
the apparatus is opened, with the mercury bulb in position 2 (fig. 26) 

TABLE 26 


Factors tor Calculating Os, Ns, or CO Content Determined by Volumetric 
.Apparatus with Blood Samples of 2 cc. 


TEMPERATURE 
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VTien, in analyses of drawn blood, O 2 and Ns or CO and Ns are measured together, 
1.2 volume per cent Ns may be subtracted to estimate the Os or CO. 

To estimate chemically combined Os in drawn or aerated blood, subtract from the 
total Os or Os + Ns the proper correction for dissolved Os and Ns in table 31. From Os 
content of aerated blood determined as a measure of henzoglobin, subtract 0.5 volume per 
cent from total Oo, or 1.9 volume per cent from Os + Ns, to estimate HbOs- 


SO that the gas in the chamber is under slight negative pressure. The 
hyposulfite is admitted in small droplets at the rate of about 1 every 
five or ten seconds, so that a thin film is kept flowing continuously down 
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the chamber wall, until there is no further shrinkage in the gas volume. 
Usually about 0.5 cc. of hyposulfite solution suffices. The residual 
gas is reduced to a small bubble of 0.02 to 0.03 cc. of nitrogen gas. 
Another 0.5 cc. of hyposulfite solution is then run over this bubble. A 
few drops of mercury are next run through the cock to detach the drop 

TABLE 27 


Data for Calculation or Factors for AIanometric Blood Gas Apparatus (from 
Van Slvke and Neill (59)) 
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The a values are obtained by multiplying the a values by 1 + 0.00367 t. The a 
values are from Landolt-Bomstein’s tables, the figures taken for CO 2 being those of Bohr 
and Bock, for O 2 the mean of those of Bohr and Bock and of Winkler, and for CO and Nj 
those of Winkler. 


of hyposulfite which usually adheres to it at the top of the chamber. 
The hyposulfite solution is drawn down into the trap bulb, and the 
volume of the residual N 2 is read, as shown in figure 31. To find the 
oxygen volume this N 2 volume is subtracted from the total volume of 
Oj -f- ^^2 observed on the first reading. 
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Calculation. The oxygen content is calculated by multiplying the ob- 
served oxygen volume by the factor indicated in table 26. The factors there 
for O 2 are calculated by the equation given on page 249, but with the proper 
values for a'o. (from table 27) in place of aco«, and without the reabsorption 
factor i, since reabsorption of the relatively insoluble O 2 is negligible if the 
readings are made without unnecessary delay. 

Remarks. Duplicates by this method may be expected to agree within 
±0.25 volume per cent of oxygen, corresponding to a variation of ±0.005 
cc. in the reading. When a greater accuracy is necessary results with about 
one-fifth this variability may be obtained with the manometric apparatus. 

When rapidity of analysis is desirable some time may be saved, with some 
loss of accuracy, by omitting the absorption of oxygen with hyposulfite and 
measuring only the total O 2 ± N 2 volume. This is multiplied by the proper 
factor from table 26, and from the result is deducted a correction of 1.2 
volume percent, which represents the N 2 content found in circulating blood 
analyzed by this procedure. 

With the volumetric apparatus used for oxygen determinations the Shohl 
trap (fig. 28) is highly desirable in order to prevent high results from en- 
trance of traces of air through the rubber tube when the apparatus is evacu- 
ated. Such error is 4 times as great when the O 2 is not absorbed, since the 
nitrogen content of the air is 4-fold the oxygen. 

In the above oxygen determinations it might seem that one step in the 
manipulation, the absorption of carbon dioxide prior to the oxygen measure- 
ment, might be omitted by makng the ferricyande solution sufficiently 
alkaline to prevent escape of carbon dioxide into the gas phase. In fact 
ammonia was added for this purpose by Barcroft and Haldane (4), and in 
the first paper by Van Slyke (45). Van Slyke and Stadie (64) found, how- 
ever, that an alkalinity sufficient to prevent evolution of carbon dioxide with 
certainty may interfere with the complete extraction of the oxygen, or 
accelerate consumption of oxygen by some reducing agent present, and 
cause low results. 

CARBON MONOXIDE, OR CARBON MONOXIDE AND OXYGEN, IN BLOOD. 

V.A.N SLYKE AND SALX^ESEN (61); O’BRIEN .A.ND PARKER (25) 

Reagents 

Acid saponin-ferricyanide solution. 

1 N NaOH solution, gas free. 

20 per cent hyposulfite solution, gas-free. 

Caprylic alcohol. 

These are ah described under “General reagents.” 
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Procedure 

The determination up to the point where the extraction of the gases 
is finished, is performed exactly like the determination of oxygen con- 
tent, except that the “acid saponin-ferricyanide solution” (p. 234) is 
used to free the oxygen and carbon monoxide. The atSnity of carbon 
monoxide for hemoglobin is so great that the neutral ferricyanide solu- 
tion will not free it all within a reasonable time. By making the reagent 
solution acid, however, and increasing the ferricyanide content, condi- 
tions are obtained which permit complete extraction of the carbon mon- 
oxide in three minutes. 

After the extraction is complete the carbon dioxide is absorbed with 
sodium hydroxide solution, as in the oxygen determination, and the 
blood-reagent mixture is drawn down into the bulb below the lower cock. 
The mercury is then let back into the chamber until the pressure is 
but slightly negative, (leveling bulb in position 2 of figure 26) and the 
oxygen is absorbed with hyposulfite, as described above. If the blood 
were present together with any considerable amount of carbon mon- 
oxide gas during the hyposulfite treatment some reabsorption of the 
extracted carbon monoxide would occur. The h37posulfi.te reduces all 
the methemoglobin formed by the ferricyanide action to reduced hemo- 
globin which can recombine with carbon monoxide, for which it has 
a tremendous affinity. In order to prevent such recombination, there- 
fore, the hemoglobin solution is drawn out of the chamber before the 
hyposulfite is let in. The oxygen can be measured, as described above, 
by noting the volume of gas absorbed by the hyposulfite. 

After the oxygen has, been absorbed by the hyposulfite solution, the 
latter is drawn down into the lower bulb with the other solutions, as 
it would otherwise precipitate the cuprous chloride solution next added. 
The volume of the CO + N 2 left in the chamber is measured. 

With the leveling bulb a little higher than position 2 (fig. 26) , and the 
gas under slightly negative pressure, 5 cc. of the cuprous chloride 
solution are run slowly into the chamber in the manner described above 
for admission of hyposulfite. The admission of the cuprous chloride 
solution should take two minutes or longer, in order to allow time for 
complete absorption of the carbon monoxide. The volume of N 2 left in 
the chamber is then measured lUif /low f remonmg the cuprous chlor- 
ide solution. There are two reasons for leaving the cuprous chloride 
solution in the chamber at this time. First, if it were mixed with the 
other reagents in the lower bulb it would form a heavy precipitate with 
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them which would be hard to remove. Second, the combination of 
carbon monoxide with cuprous chloride is a loose reversible one, and 
if the chamber were subjected to the high vacuum necessary to draw 
the solution into the lower bulb a considerable part of the carbon 
monoxide would bubble out of the cuprous chloride solution and return 
to the gas phase. Consequently the residual nitrogen gas volume is 
read over the cuprous chloride solution, the level of the mercury in the 
leveling bulb being held above the mercury meniscus in the chamber, 
by 1/1 1th the height of the cuprous chloride solution column, as shown 
in figure 31. In the present case one estimates 1/1 1th instead of 
1 '13th the height of the solution column because the specific gravity of 
the solution, 1.22, is 1/1 1th that of mercury. 

The carbon monoxide volume is the difference of the gas volumes 
observed before and after absorption with the cuprous chloride solu- 
tion. From it the carbon monoxide content of the blood is calculated 
by the factor in table 26. 

When small amounts of carbon monoxide in blood are to be deter- 
mined with accuracy it is desirable to take 5 cc. of blood and 2.5 times 
the amount of each reagent solution recommended in the above descrip- 
tion, except the CuCl solution. The factors in table 26 are multiplied 
by 0.4 when a blood sample of 5 instead of 2 cc. is used. 

HEMOGLOBIN BY OXYGEN CAPACITY, WITH AERATION OE. BLOOD IN THE 
CHAMBER OE THE VOLUMETRIC APPARATUS. LUNDSGAARD 
AND M0LLER (21) 

The ferricyanide reagent is first deaerated and stored in the small bulb at 
the bottom of the chamber. The blood is then saturated with air in the 
chamber, the undissolved air is ejected, and the O 2 content of the blood is 
determined. Since saturation with atmospheric air causes 100 per cent of 
the hemoglobin to become HbOs, the O 2 content of the blood, when cor- 
rected for a slight amount of physically dissolved O 2 , serves as a direct 
measure of the hemoglobin. 


Reagents 

Saponin solution, 0.3 per cent. 

Potassiimi ferricyanide solution, saturated. 

Sodium hyposidfite solution and N sodium hydroxide, both air-free, as de- 
scribed under ^‘General reagents.” 

Caprylic alcohol. 
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Procedure 

Five cubic centimeters of the saponin solution and 2 or 3 drops of 
caprylic alcohol in the chamber of the volumetric apparatus are freed 
of air as above described for determination of oxygen. The air-free 
solution is then drawn into the bulb below the extraction chamber and 
kept there by closing the lower cock. Through tube C of figure 26 
mercury is admitted and is permitted to rise slowly in the chamber, 
collecting a slight film of solution from the walls. The solution thus 
collected on the mercury surface is ejected through the capillary outlet 
of the upper cock and the cup is washed with water. A 2 cc. sample 
of blood and a drop of octyl alcohol are introduced into the chamber. 
With the upper cock left open to connect the chamber with the air 
in the cup, the mercury is withdrawn from the chamber through tube c 
(fig. 26). The lower cock is closed and the chamber is shaken for 
three minutes to saturate the blood with the air. It is necessary to 
oxygenate thus the undiluted blood: if the blood were lafced with the 
saponin solution before aeration, the oxygenation would be only about 
95 per cent complete. 

iiter the three-minute aeration is finished mercury is readmitted 
through tube c until all the air has been ejected from the chamber. 
Just enough blood is run up out of the chamber to fill the capillary at 
the bottom of the cup. Then 0.1 cc. of a solution containing 20 grams of 
potassimn ferricyanide per 100 cc. is placed in the bottom of the cup and is 
run down into the blood, leaving enough above the cock to fill the capillary. 
A drop of mercury is then nm into the bore of the stopper to seal it, 
and all mercury is withdrawn from the chamber through tube c (fig. 26). 
The saponin solution that has been held in the trap bulb below the lower 
cock is now admitted to the chamber. The oxygen is extracted from tl^ 
blood solution in the usual manner and measured after absorption p 
the carbon dioxide. One may either measure the O 2 + N 2 togethe 
and correct for the No j or more exactly, one may measure the O 2 by al?"^ 
sorption with hyposulfite solution, as described above for oxygen de- 
termination. 

Calculation. The O2 or O2 + N2 content of the blood is calculated by the 
proper factor from table 26 . From the volume per cent content of total O2 
subtract 0.5 volume per cent for physically dissolved O2 to obtain oxygen 
combined as Hb 02 . Or from the total O2 N2 content subtract 1,9 volume 
per cent for the O2 and N2 in physical solution. The corrections for N2 
and physically dissolved O2 have been computed as described by Van Slyke 
and Neill ( 59 ). 
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OXYGEN CAPACITY DETERMINATION VTTH PRELIMINARY OXYGENATION OF 
THE BLOOD IN A SEPARATE \'ESSEL 

Instead of saturating the blood with air in the volumetric apparatus 
itself, it may be first saturated in a separate vessel, from which samples 
are drawn for analysis. A convenient vessel for this purpose is a 
cylindrical separatory funnel or centrifuge tube of a volume 25 to 50 
times that of the blood sample to be aerated. The saturation is per- 
formed by rotating the cylinder in a horizontal position for a few minutes, 
so that the blood spreads over the surface in a thin film. A convenient 
arrangement for rotating the saturating vessels by motor was devised 
by Stadie (38), and is shown in figure 34. The oxygen content of a 
sample of the saturated blood is determined as described above on 
page 257. 


To lov/- 


Fig. 34. Stadie’s mechanical rotator for saturating blood with air. From Stadie (38) 

The calculation is the same as in the Lundsgaard-Mjziller method described 
above. 

Aeration in a separate vessel permits one to oxygenate at once enough 
blood for duplicate analyses, and to have the gas apparatus during the aera- 
tion free for other analyses. Consequently, when the supply of blood is 
adequate and a Stadie rotator is available, aeration in a separate vessel is 
more convenient than aeration in the chamber of the gas apparatus. 

DETERMINATION OF HEMOGLOBIN BY CARBON MONOXIDE CAPACITY METHOD 

The method of Van Slyke and Hiller can be applied as described on 
pages 341-347 for the manometric apparatus with 2-cc. blood samples. 
The only changes necessary are that the gas readings are made in the 
volumetric apparatus, as described on page 245, and that the calculations 
are by the factors in table 26. When the carbon monoxide capacity 
method is used no corrections are necessary for dissolved O 2 or O 2 -f- N 2 , 
since these gases are completely removed in the preliminary extraction. 
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USE or VOLUMETRIC APPARATUS IH AXALYSES DESCRIBED FOR MANOMETRIC 

APPAILATUS 

Any of the analyses described below for the manometric apparatus can 
be performed also with the volumetric apparatus. The volumetric appara- 
tus does not permit the same fine degree of precision, but when provided with 
a Shohl air trap it is capable of yielding good reproducible results with any 
of these analyses except those with the smallest amounts of gas to measure. 

The tables of calculation factors given for use with the 50 cc. manometric 
apparatus can be applied to the 50 cc. volumetric apparatus by the following 
formula. 


Milligrams of substance in sample, or per 100 cc. blood, etc. = F X - X (-S — IP) 

a 

r is the volume, in cubic centimeters, of gas in the volumetric apparatus, 
observed at barometric pressure, and corrected by subtracting the volume 
of gas, if any, obtained in blank analysis of the reagents. 

B is the barometric pressure in millimeters of mercury, uncorrected for 
temperature effect on mercury e.xpansion. This correction has been in- 
cluded in the calculation of F. 
ir is the vapor tension of water (see table 18, p. 163). 

F is the manometric factor for the same temperature and analysis, by 
which the gas pressure in the manometric apparatus is multiplied to obtain 
milligrams of substance in sample, or per 100 cc. of blood, etc. The values 
of F are given in the tables with the manometric analyses. 

a is the volume, either 2.0 or 0.5 cc., in manometric apparatus at which the 
pressures are read in the manometric analy^sis. 

If any number of analyses of a given type are to be done with the volume- 
tric in place of the manometric apparatus, it is worth while to make a table 
F 

of values of —for that analysis covering the temperature range of the labora- 

toiAL Such a table is made simply by dividing each factor in the mano- 
metric table by the value of a, either 0.5 or 2.0. 

The fact that in place of calculating “amount of substance determined” a.s P X F 
from manometric pressure P and factor F, one can calculate the substance as 

a 

can be shown as follows. If a given amount of gas is measured at the same temperature 
both in the manometric apparatus, at volume a and pressure P, and in the volumetric 
apparatus, at volume V and pressure B ~ W, we shall have by the gas laws; 
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V [B - TTO = a P 


whence 


P = 


V (B - TD 


and 


Amount of substance determined = P F 


a 


V~{B- W). 
a. 


The Manometric Apparatus and the Technique op Its Use (48, 59)^ 

The manometric apparatus is required when a higher degree of accuracy 
than that of the volumetric apparatus is necessary. This is the case when 
accurate determmation of both carbon dioxide and oxygen in a single 1 cc. 
sample of blood is desbed, or micro-determination in 0.2-cc. samples, or 
when for any reason small variations are significant. The use of the mano- 
metric apparatus also simplifies the calculations, since the barometric 
pressure as a factor is eliminated. 

The manometric method resembles the volumetric one, except for the 
manner in which the gases are measured. In the volumetric method the 
pressure is brought always to atmospheric and the volume of gas is read on a 
scale, while in the manometric method the gas in brought to an arbitrarily 
chosen volume and the amount of the gas is determined from the pressure 
exerted on a manometer. When the mass of gas is estimated from its 
volume at atmospheric pressure, as is done with the volumetric apparatus, 
the error in small volume readings may be 10 or even 100 times the error of 
the pressure measurement (on the barometer) . The advantage of the mano- 
metric method is that it permits one to choose the magnitude of both the 
volume and the pressure which are measured. One may accordingly fix 
them within such limits that the errors in measuring both are of the same 
order of magnitude. Thereby the percentage error in gas measurement be- 
comes the minimum attainable wdth given absolute errors in pressure and 
volume. In consequence the usual deviations between duplicate results of 

^This apparatus can not be introduced without acknowledging its debt to the skill 
and precision of John Plazin, the writer’s technical assistant for the past seventeen years. 
Plazin constructed the first manometric apparatus, and performed many of the analyses 
in the development of manometric methods for the blood gases, and for other substances, 
especially, urea, amino nitrogen, and the micro Kjeldahl method for total nitrogen. — 
D.D.V. S., 1931. 
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ordinary blood gas analyses is, until the same size of blood samples, about 
1/5 as great with the manometric as with the volumetric apparatus. 

In the manometric apparatus the extracted gases are for measurement 
reduced to a volume, a-, of 0.5 or 2.0 cc. (fig. 35) by admission of mercury 
from the leveling bulb, and a reading px is made on the manometer. The 
gas to be determined is then removed or absorbed, and the reading is 
taken, with the unabsorbed gas at the same a cubic centimeter volume. 
The pressure fall px — p-i millimeters of mercury, between the two readings 
therefore is the pressure which the determined gas exerted at a cubic centi- 
meter volume. The volume which the gas would occupy at 0°, 760 mm. is 
calculated by mulitplying this pressure fall by a single factor, which is a 
function of the temperature. No corrections are required for vapor tension 
or for capillary attraction in the manometer tube, since these factors are the 
same at both readings. It is assumed that the temperature in the apparatus 
is the same when the px and p^ readings are taken. The time interval be- 
tween the two readings is so brief (one to four minutes) that sufficient 
constancy is attained (’within 0.1°C.) by the insulation afforded by the 
waterjacket. 

The ease and accuracy with which the manometric apparatus makes 
possible the measurement of small mounts of gas evolved from solutions 
has led to extension of its use to micro determinations of substances other 
than the blood gases. The apparatus can be used in any determination in 
■v\-hich the final product is a gas suitable for measurement, or wall enter into 
a quantitative reaction producing such a gas. Thereby the measurement is 
based, as in gra-sdmetric analysis, on direct observation of the amount of 
substance obtained, independent of comparison with standard solutions by 
titration, colorimetry, or otherwise. This advantage of directness and free- 
dom from dependence upon the accuracy of standards is combined with the 
rapidity and ease of a final measurement by volume. It is probable that 
the number of substances which can be made to enter reactions giving 
quantitative yields of gas approaches the number which give quantitative 
jaelds of precipitate for weighing. For example, since iodine (3c) and iodate 
(o8) can be determined from the amount of nitrogen gas that they evolve by 
oxidation of hydrazine in the apparatus, the latter can be used for micro- 
analysis in any determination based on iodimetry. Technique with the 
manometric apparatus has been developed for micro determinations of 
organic nitrogen and carbon, urea, amino nitrogen, iodates, sulfates, total 
base, sugar, calcium, lactic acid, nitrites, and potassium, and for analyses of 
gas mixtures. 

Results of high accuracy can be obtained in these determinations by any 
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analyst who has learned to handle the apparatus. To become acquainted 
with the details of manipulation it is desirable to spend a few hours at the 
start under the tuition of one who is already initiated. The different indi- 
vidual analyses can then be acquired without difficulty by following the 
published procedures. If there is no opportunity to learn the apparatus from 
a fellow analyst, one can, with a little more time, acquire the technique by 
following the directions given below. 

The only disadvantage of the manometric apparatus compared wdth the 
volumetric lies in the greater initial cost of the former. The metallic wheel 
and shaft for shaking the chamber require the ser\dce of a good mechanic. 
On the other hand the simplicity of the extraction chamber in the mano- 
metric apparatus makes it possible for one with ordinary skill in sealing 
glass tubes to construct the glass parts of this apparatus, including the mano- 
meter, from a 50-cc. pipette, 4 glass cocks and some tubing. 

DETAILS OE MANOMETRIC .APPARATUS 

The details of the apparatus are apparent from figures 35, 36, and 37. 
Accessory apparatus which is desirable has been listed on page 223. 

Rubber tubing. The rubber tube which connects the leveling bulb should 
be of heavy walled “nitrometer” tubing. It needs to be changed about once 
a year. One should be able to use it for a full day of constant work before 
enough air to require expulsion leaks through the rubber and accumulates 
in the trap tube above the -fi joint. If the rubber is used too long it be- 
comes porous. 

The extraction chamber is simpler than that of the volumetric apparatus; 
it is calibrated only at three points, usually 0.5, 2.0 and 50.0 cc., and has no 
cock at the bottom. The mercury seal, shown in figure 35 around the junc- 
tion of the two glass tubes at the bottom of the chamber, is necessary. Even 
thick pressure tubing, exposed to the air, permits diffusion, during the e.x- 
traction in vacuo, of sufficient amoimts of air to affect pressure readings as 
accurate as those that can be made with this apparatus. The mercury seal 
makes unnecessary the Shohl trap recommended above for the volumetric 
apparatus. The mercury forming the seal must cover, not only the sides, 
but also the ends of the short, thick, rubber tube which connects the glass 
tubes. 

The volume and shape of the chamber are matters of convenience. For 
all the analyses described in this chapter convenient magnitudes are 50 cc. 
for the total volume and 2.0 and 0.5 cc. for the volumes at which the gas 
pressures are measured (see fig. 35). At 20°, 0.01 cc. of gas at 2-cc. volume 
gives a reading of 3.9 mm. pressure. For very small amounts of gas. 
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measurement of the pressure at 0.5 cc. volume is desirable. At this volume 
0.01 cc. of gas exerts about 16 mm. pressure. 

After use for a year or two the cock at the top of the chamber may begin to 
need unduly frequent greasing to prevent leakage. It can usually be re- 
paired by grinding with fine emery powder. This cock should serve for a 


0.5CCr~-l 
4TinTn.bope< 

2.CC.- 


-Gas at 
acc.vol: 

■S cc. of 
solatibn 

-Watep 

jacket 


50 CC: 

Rubbepsi 




— xMepcuLiy 


-Suppoptinl board 


Fig. 35. Extraction chamber of manometric apparatus, showing mercury sealed rubber 
joint at bottom and attachment of Stadie shaker at top. Gas is shown at 2-cc, volume 
for pressure reading. The glass stem at the bottom of the chamber must be visible for 
about 10 mm. below the 50-cc. mark. From Van Slyke and Neill (59) . 

dozen or more analyses without renewing its grease. If it requires greasing 
oftener it should be returned to the maker. 

The bore of the cock leading to the cup above the chamber should be 
1.2 to 1.3 millimeters in diameter. The other bore, through the curved 
capillary outlet (see figure 52, page 344) should be 1.5-1. 6 mm. 
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The manoyneter scale may be a meter stick or metallic tape attached to 
the board behind the tube, but the scale is preferably etched on the tube 
itself. The marks are 1 mm. apart, and are in the form of semi-circles pass- 



Fig. 36. Manometric apparatus clamped to table. The bottle at the top holds dis- 
tilled water. The lower bottle is to receive waste solutions drawn out of the chamber after 
analyses. The most convenient way to transfer solutions to waste bottle is to force them 
into the cup above the chamber and draw them over into the bottle by suction. From 
Van Slyke (48). 

ing around the tube from the middle of the front to the back. The centi- 
meter and half centimeter marks are complete rings. A white background 
is placed behind such a manometer tube, or it may be illuminated from the 
rear by removing a strip of the supporting board and inserting a plate of 
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Top view of [pAme 



Tf>ont Side section, of fpsine 

Fig. 37. Diagram of portable manometric apparatus. The light box contains a long 
cylindrical electric bulb which illuminates the manometer. The switch on the side of the 
wooden frame turns on the light: the switch in front turns on the motor. The zero point 
on the manometer tube should be at a level a few millimeters below the 50-cc. mark on 
the extraction chamber. From Van Slyke (48). 
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frosted glass behind which are electric lights. The zero point on the scale 
should be slightly below the 50-cc . mark on the extraction chamber. The length 
of the scale should be about 650 mni. 

The cock above the + joint (fig. 37) serves from time to time to let out air, 
which diffuses through the rubber tube from the leveling bulb. This air 
gradually accumulates under the cock, where the space in the ascending limb 
of the -j- joint serves as a trap. 

The manometer tube (in front of milk glass window in figure 37) is of 4 to 
5 mm. inner diameter. It is closed wdth a cock at the top. The air is ex- 
pelled before the manometer is used, so that there is no atmospheric pressure 
on the mercury surface in the tube. The tube is contracted to 1-mm. bore 
a little below the cock at the top, as shown in figure 37, to lessen the force 
with which the rising mercury strikes the cock. The inner bore below'-, be- 
tw’een manometer and -f joint, is again contracted for a short distance to 
about 1.5 mm., as showm in figure 37, to minimize oscillation of the mercury 
w'hen readings are taken. 

Slight amounts of moisture find their w'ay into the manometer as the mer- 
cury flow's back and forth from the analysis chamber. Some error from 
variation of the vapor pressure of this moisture might occur if it w'ere left in 
the manometer tube, as the latter is not protected against sudden tempera- 
ture changes from the room air. To absorb the w'ater vapor a few drops of a 
water absorbing fluid, such as trimethylene or dimethylene glycol (glycerine 
derivatives sold to prevent the freezing of water in automobile radiators) are 
admitted through the cock at the top and permitted to flow down the tube 
for about 10 cm. Mercury is then forced up through the cock, leaving 
behind enough of the dehydrating fluid to w'et the upper end of the manom- 
eter, but not enough to flow' down and interfere wdth readings of the mer- 
cury meniscus. The dehydrating fluid is renewed occasionally in this man- 
ner. Concentrated sulfuric acid can be used, but is undesirable because it 
gradually chars tlie grease on the cock. 

One may test the apparatus as follows to find whether the drying 
fluid is functioning properly. With the extraction chamber closed at 
the top and empty of gases and of fluid except the moisture that is 
always on its walls, one lowers the mercury surface in the chamber 
to the 2-cc. mark. The 4-mm. cock leading to the mercury leveling 
bulb (fig. 37) is now closed, and the level of the mercury in the chamber 
is compared with that in the manometer. If the dr^g fluid in the 
manometer is functionmg, the mercury surface m the manometer will 
be above that in the chamber by a height nearly equal to the vapor 
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pressure of water, 15 to 25 mm. depending on the room temperature 
(see table 18 on p. 163). If this is not the case, one should renew 
the drying fluid as directed above. It is convenient to put a permanent 
mark on the manometer at the point level with the 2-cc. mark in the 
chamber. One can then make the test in a few seconds by lowering 
the mercury in the otherwise empty chamber to the 2-cc. mark, and 
noting whether the mercury in the manometer is at a proper level 
above the mark. It is well to make this test before starting each 
day’s analyses. 

One must never lower the leveling bulb below the position it has in figure 37 
when the cock at the top of the extraction chamber is open to the air. If one does 
this the mercury in the chamber will all flow into the leveling bulb, and air 
and whatever solution is in the chamber will be drawn over into the manom- 
eter. This accident occurs once to' every one who uses the apparatus. 
WTien it happens one must clean out the manometer. 

To clean the manometer open the cock at the top, draw the mercury 
as completely as possible into the leveling bulb, and disconnect the 
rubber tube leading to the bulb. Then attach a tube from a suction 
flask to the place below the -f- joint (fig. 37) where the tube of the 
leveling bulb was attached. Apply strong suction, and draw through 
the manometer from the opened top first water, then, if the manometer 
is soiled with dirt or grease, alcoholic KOH solution, then acetone. 
Finally draw air through until the acetone is removed. Instead of al- 
coholic KOH one may clean the tubes with chromic-sulfuric acid, fol- 
lowed by water and acetone. 

When the manometer is refilled with mercury, the tube is evacuated 
several times by lowering the leveling bulb in order to detach the slight 
film of air adherent to the glass. The air bubble thus obtained is 
expelled through the cock at the top. The drying fluid is then put in 
as above directed. 

The shaking arrangement is a modification of that of Stadie (38) illustrated 
above (fig. 32) in connection with the volumetric apparatus. It is highly 
desirable to have a smoothly running and noiseless shaking device. For 
this purpose it is essential to use ball bearings for both bearings in the driv- 
ing wheel. Shaking arrangements so equipped are provided by manufac- 
turers of the apparatus. The driving wheel should be run at a speed of 
300 to 400 revolutions per minute, in order to complete gas extractions in the 
periods stated in the directions for various analyses given below. 
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Alternative open manometer 

In the original form of apparatus first used by Van Slyke and Neill (59) there was no 
cock at the top of the manometer. The manometer tube was open to the air, as showm in 
figure 38. The bulb at the top served to prevent loss of mercury by spurting when the 
leveling bulb was raised above the reaction chamber. A scale a meter long was used, the 
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Fig. 38. Manometric apparatus with open manometer. Solution, in bottom of 
evacuated chamber, is ready for extraction of gases. From Van Slyke and Neill (59). 


zero point being about 800 mm. below the 50-cc. mark on the reaction chamber. Zero 
readings made when the chamber is free of gases are, with such an apparatus, about 760 
mm. below the 2 or 0.5-cc. mark on the chamber, and consequently are taken at a point 
on the manometer scale about level with the analyst’s knee. Because of the inconvenience, 
in a long series of analyses, of making numerous readings at such a low level, the cock at 
the top of the manometer was added. This removed one atmosphere of pressure from the 
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mercury in the manometer, and conseQuently raised all the readings 760 mm, farther above 
the floor.® Another advantage was to shorten the apparatus so that it was all above the 
level of the table, and, being much more compact, could he made in a portable form readily 
transferred from one desk to another. These advantages were so marked for anyone 
using the apparatus in routine work that the long open manometer has been practically 
abandoned for the closed tj’pe described in the preceding pages. For some conditions, 
however, it miay be desirable to revert to the open type. The relative conveniences of 
the two may be compared as follows. 

The open manometer has the following advantages; (1) There is no possibility of 
drawing water from the chamber over into the manometer tube. Such an occurrence is 
prevented by the great length of tubing below the level of the chamber. (2) A certain, 
if small, amount of attention required to see that the closed manometer is free of air and 
moisture (use of dehydrating fluid) is not required with the open manometer. (3) In 
case the open manometer becomes dirty it can be cleaned in a moment by means of an 
iron or, better, steel wire ramrod bearing a piece of cotton at its end. The closed manom- 
eter must be emptied and cleaned with alcoholic potash or chromic acid mixture. (4) 
The apparatus with open manometer is more readily emptied of mercury because it has 
an outlet at the lowest point of the system of tubing. 

The closed manometer wins on the following points; (1) The zero readings are made at 
a convenient level above the desk top, instead of at the level of the knee. (2) The closed 
manometer permits making the entire apparatus in a compact, portable unit. (3) Be- 
cause of the smaller weight of mercury in the shorter tubes of the closed manometer, it is 
slightly easier to avoid oscillation of the mercury while adjusting gas volume in the cham- 
ber before readings. (4) The zero point of the closed manometer does not change with 
barometric pressure. This is of some importance when one is running a series of sugar, 
urea, or other determinations of the t)rpe in which one preliminary blank analysis is used 
to fix the zero point for an entire series of analyses. 

For an analyst who uses the apparatus much, the conveniences of the closed manom- 
eter outweigh the, in actual practice, relatively unimportant advantages of the open 
manometer. The open manometer, however, requires less attention to keep it in order, 
and is practically accident-proof. It may be the more desirable type to put into the 
hands of students. 

DET.AILS OE GENERAL TECHNIQUE EOR MANOMETRIC APPARATUS 

A number of points have already been discussed on page 236 under “tech- 
nique common to both volumetric and manometric apparatus.” In addi- 
tion the following apply to the manometric. 

Liibricatmi of cocks (see also pages 47 and 238) 

When the 4-imn. cock between the leveling bulb and the gas chamber 
is to be lubricated, the leveling bulb is hung at a level a little below 

® The closed manometer really owes its origin to our laboratory comrade of many years, 
Glenn E. Cullen. The numerous genuflexions required during a day’s work in reading the 
low lying zero points of the open tube told heavily on Cullen’s jovial proportions, and the 
laboratory felt so much the loss of his usual contagious spirits, that the more humane 
closed tube had to be devised. 
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this cock. The small cock above the + joint between the manometer 
and chamber is then opened. The mercury levels in the tubes then ad- 
just themselves so that the 4-mm. cock can be removed without spilling 
any of the metal. 

Incomplete lubrication should never be tolerated for a single analysis in either 
of the cocks. Ease and precision in the analysis depend upon having them 
both in smooth and perfect working order. They must not o :ly be proof 
against leakage, they must also turn smoothly, without the slightest tend- 
dency to stick, or precise work will be difiicult. As soon as any lack of ease 
or smoothness is noted, the cock involved should be greased before another 
analysis is started. The cock at the top of the chamber should, if well made, 
serve for at least a dozen analyses before lubrication needs to be repeated, 
and the 4 mm. mercury cock for many more. Occasionally a defective cock 
is encountered which needs greasing oftener. 

Adjustment of gas volume 

The precision of the method rests on exactness in bringing the gas to 0.5 
or 2.0-cc. volume (figure 35) before each pressure is measured. The cali- 
bration rings at this points should be colored to make them readily visible 
through the water jacket. It is an advantage to locate the apparatus so that 
light falls on it from behind the observer. A white background for the 
reading can be secured by attaching a strip of adhesive tape 7 or 8 cm. wide 
to the back of the w^ater jacket, or by locating the apparatus with a white 
wall behind it. Light reflected back from the white surface across the 
meniscus facilitates a sharp reading. By far the best lighting arrangement, 
almost indispensable for the most accurate results with the deep red solu- 
tions of whole blood, is a “frosted” light placed about 50 cm. behind the 
chamber. The use of a lens (an ordinary reading glass serves well) to ob- 
serve the meniscus as it comes to the 2 or 0.5-cc. mark of the chamber is a 
decided aid to precision, especiall}'’ in micro analysis. See also “Reading 
meniscus of solution in chamber,” pages 243-4. 

In COo analyses. In reducing the gas volume after extraction, the 
analyst must avoid jerky starting or stopping of the mercury inflow, 
because either will cause the mercury in the chamber to oscillate up and 
down, with resultant increase in the amount of CO 2 that is reabsorbed 
by the solution as it rises in the chamber. The cock to admit mercury 
is opened with a smooth gradual motion, and the mercury is allowed 
to rise at a fairly rapid rate through the middle three-fourths of the 
chamber. Then gradually the cock is closed to reduce the rate of flow, 
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making th.6 ia,tter so slow by the tune the 0.5 or 2-cc. maxk is reached 
that there is no difficulty in stopping exactly at the mark. The entire 
operation takes about forty seconds. If it is unduly prolonged reabsorp- 
tion of carbon dioxide is increased. If the fluid meniscus is not stopped 
exactly at the mark, readjustment must not be attempted, as moving 
the fluid up and down in the chamber will result in reabsorption of 
more CO 2 than is allowed for by the i correction discussed below. It 
is necessary to lower the mercury again to the 50-cc. mark, extract 
again for a minute, and raise the meniscus again to the 0.5 or 2-cc. mark. 

However, after a little experience has been gained such repetition is 
practically never necessary. 

In bringing the gas to 2.0 or 0.5-cc. volume when only gases with 
relatively low solubilities, such as O 2 , N 2 , H 2 , and CO are present, 
reabsoiption is so nearly negligible that, if one does not succeed in 
stopping exactly at the mark, readjustment may be carried out without 
repeating the extraction. 

Temperature adjustnwit 

It is necessary for accuracy that no significant temperature change occur 
in the chamber of the apparatus during an analysis. If before analyses are 
begun the temperature indicated by the thermometer in the water jacket of 
the chamber is different by more than 1° from that of a thermometer in the 
air of the room at the same height from the floor, the water jacket should be 
cooled or warmed to eliminate the difference. This is accomplished by 
wrapping the jacket for a minute or more in a towel soaked with hot or 
cold water. The towel is removed, the chamber is shaken, and the ther- 
mometer in the winter jacket is read to see whether the desired tempera- 
ture is reached. 

Doors, drafts, etc. in the room are arranged so that the room tempera- 
ture is as constant as possible. 

Manometer readings 

The manometer is usually read to 0.1 mm. A reading glass is of assist- 
ance in estimating the tenths of a millimeter division. One must be careful 
to read wdth the eye on an exact level with the mercury meniscus in the 
manometer in order to avoid’ error due to parallax. Such error may be ex- 
cluded by the use of a millimeter scale of rings etched on the manometer 
tube, or by placing a strip of mirror glass behind it. 
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Ejection of gas without loss of solution 

In some analyses, either at the beginning, as in the micro Kjeldahl, or 
before the final manometer reading at the end, it is necessary to eject quanti- 
tively the gas in the chamber, without either losing any of the solution or 
exposing it to air. The most satisfactory technique is the following; 

Bring the pressure in the chamber to approximately atmospheric by 
connecting the chamber with the leveling bulb and holding the latter 
at a height only enough above the merciury surface in the chamber to 
balance the column of water in the latter (see “Reading gas voltmies at 
atmospheric pressure in volumetric apparatus,” p. 244). The mercury 
cock connecting with the leveling bulb is then closed and the cock at 
the top of the chamber is opened wide. The contents of the chamber 
remain quiet, as the pressure was already atmospheric. Now with 
the leveling bulb resting in the ring above the chamber level, the 
mercury cock connecting bulb and chamber is slowly opened. The 
fluid in the chamber rises slowly. By closing the mercury cock the rise 
is stopped when solution from the chamber has just filled the capillary 
leading from the top of the chamber to the cup above. 

Determination of c correction by blank analysis 

From the pi — p^ value observed in an analysis (see p. 268) it is usually 
necessary, for precise results, to deduct a correction which in the calculation 
formulae used in this chapter is indicated by c. 

The c correction is obtained by performing a blank analysis, in a manner 
directed for each type of determination. The pi — pi value found in the 
blank constitutes the c correction. 

The c correction may be the sum of two components. One of them is a 
slight amount of gas which may be yielded by the reagents themselves. 

The other component is the faU in manometer reading caused, even when 
no gas is removed between the px and pi readings, by the introduction of a 
given volume of absorbent solution, such as the 0.5 or 1.0 cc. of 1 N sodium 
hydroxide used to absorb CO 2 in blood gas determinations. The introduc- 
tion of solution between the two manometer readings pi and pi lowers the 
pi value merely by increasing the volume of fluid between the mercury sur- 
face and the water meniscus at the moment of reading. Thereby the level 
of the mercury surface in the chamber, and hence also in the manometer, is 
lowered. The extent of this effect can be determined by means of blank 
analyses, in which, with the same amount of reagents but no gas in the 
chamber, the usual amount of absorbent solution is admitted. The manom- 
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eter is read, with the water meniscus in the chamber at the same mark 
before and after the admission of the absorbent solution. The difference 
between the two readings measures this component of the c correction. The 
shape of the apparatus causes the area of the meniscus of the mercury in 
the chamber to vary according to the volume of solution present, and accord- 
ing to the location of the water meniscus (at the 0.5 or 2.0-cc. mark), such 
variations causing the mercury meniscus to be located at points of diff'erent 
cross section in the conical upper portion of the chamber. The fall in 
caused by 1 cc. of added solution in the 50-cc. apparatus may accordingly be 
from 1 to 4 mm,, depending on the location of the water meniscus, the shape 
of the chamber, and the volume of solution in it, 

WTien the final manometer reading is obtained after expulsion of the gases 
instead of after addition of an absorbing solution, there is of course no cor- 
rection of this sort, although there may be a correction for gas from the 
reagents. Both corrections are automatically included in the c correction 
determined in blank analyses,® 

Use of the modified Hempel pipette 

In some analyses, viz., the determination of carbon monoxide by the 
Sendroy-Liu method and the determination of amino nitrogen, it is neces- 
sary to withdraw a gas mixture from tlie manometric chamber in order to 
absorb one or more gases, and then return the unabsorbed gases to the cham- 
ber for measurement. For this purpose a modified Hempel pipette has been 
dexnsed (figs, 11, 48, 55, 56, 57). 

One’s ability to transfer gas to and from the modified Hempel pipette 
easily and without the loss of 0.001 cc. of gas depends upon proper construc- 
tion of the latter. The rubber tip, made from soft tubing of 5-mm. outer 
diameter and l-mm. bore, should project a hair’s breadth below the glass tip 
of the pipette, and should be so shaped that it fits snugly into the bottom of 
the cup of the manometric chamber. The bore of the capillaries of the pi- 
pette should be betiveen 1,0 and 1.2 mm. In particular the three-way cock 
must be accurately ground, and the bore through the stopper must main- 

® Van Slyke and Neill in their original paper defined as the c correction only that com- 
ponent caused by the fall of the mercury surface in the chamber when absorbent solution 
is added. Later, when analjrses with corrections also for gas evolved by reagents were 
devised, “c” was used to express the total correction. This extension of its meaning may 
have caused some confusion. In the calculation formulae for manometric analyses in 
this chapter c is used throughout to express the total correction, sometimes due solely to 
gases from the reagents, sometimes to addition of absorbent solution, sometimes to both. 
In the sense now used, c indicates the total correction, physical and chemical, for the 
reagents used. 
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tain its diameter sharply to the surface of the stopper. If the bore is wid- 
ened out funnel-like next the stopper, traps are formed in which small gas 

TABLE 28 

Factors for Calculatiox of CO 2 Content of Blood (from Van Slyke and 

Sendroy (62)) 

FACTOES BY WHICH iUIXlMETEES Pqq, ASE MOLTIPLIED TO GIVE! 

Millimoles CO 2 per liter of blood Vol. per cent CO: in blood 

~ Sample = 1.0 cc. ^ o"?cc Sample = 1.0 cc. 


TEUPEE.A- 



To obtain factors for a sample other than 1 cc., divide the above factors for 1 cc. by the 
cubic centimeters of sample analyzed: e.g., for a 2-cc. sample, S, A, and a being the same, 
the factors are one-half of those for a 1-cc. sample. 


bubbles are likely to be held back, sufl&cient to affect significantly the results 
of a micro analysis, such as is performed on blood filtrates. The 120-degree 
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angle in the bore of the cock must be exact, so that in all of its three positions 
the cock will unite the connected capillaries into smoothly continuous tubes. 
The rubber-capped outlet at the bottom of the tube connecting the two 
bulbs is not essential. Though convenient in cleaning the pipette, it 
makes a point of structural weakness. 

Calculations 

The calculations are simpler than those with the volumetric apparatus, 
for the reason that the barometric pressure plays no part in them. The 
observed partial pressure of each gas is multiplied by a single factor, depend- 
ent on the temperature. These factors are given in tables for the different 
analyses described in the following pages. 

The factors used are calculated by the following formulas, which are de- 
rived from equation 1, given on p. 249 in the description of CO 2 deter- 
mination by the volumetric apparatus. 


In place of the pressure, B — W, in equation 1, the observed pressure P is substituted 
and in place of Vt, the fixed gas volume a. This gives 


( 2 ) 


V 


0 “. 760 


= P X 


760 (1 -f 0.00384 t) 


X 1 + 


S a' 
A - S 


To correct for the effect of temperature in expanding mercury more than glass, Van Slyke 

100 

and Xeill changed the coefficient of t from 0.00367 to 0.00384. A factor, — ; — ~7 

cc. blood sample 

is introduced, to convert Fo°, 76 o to terms of volumes per cent of gas in blood. Inclusion 
of this factor gives 


(3) 


Volume per cent of any gas in blood 


P X 


0.1316 i a 
(cc. sample) 


1 / ^ 

(1 + 0.00384 0 ^ \ ^ - 

= P X volume per cent factor 

To express results in millimoles instead of cubic centimeters of gas, the right hand mem- 
ber of equation 3 is divided by the number of cubic centimeters of gas, measured at 0°, 
760 mm., that constitute 1 milligram molecule. This, for a perfect gas, is 22.4 cc., a 
number which is approximated within the limit of error by O 2 , N 2 and CO. Hence, for 
Oj, CO and N 2 



(4) Millimoles of gas in sample = P X 


i a 


X 



17,024 (1 -p 0.00384 i) 


A - S 
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(5) Millimoles of O 2 , CO, or Na per liter of blood = P X 


0.0587 i a 


X 


1 


(cc. sample) ' 1 + 0.00384 t 


1 + 


5 o 

A - S 


= P X mM. per liter factor. 

For CO 2 Guye and Pinza (13) have found that a milligram molecule of the gas at 0°, 
760 mm. occupies a slightly smaller volume, 22.26 instead of 22.40 cc. Hence the nu- 
merical factor 0.00587 in equation 5 becomes changed to 0.00591 for CO 2 . 

The value of the CO> reabsorption factor, ?, for the manometric apparatus was found 
by Van Slyke and Sendroy (62) to be 1.017 when the gas was brought to a volume of 2 
cc., 1.037 when it was brought to a volume of 0.5 cc. 

In case an apparatus is used with values of a differing significantly 
from 0.5 and 2.0 cc., the factors given in the table which applies to 
any analysis done may be corrected by multiphdng them all by the ratio, 

actual a actual a 
0.500 2.000 

For example, if a chamber on calibration is found to have an a value of 2.010 
instead of 2.000 cc., the factors in whatever table applies to the analysis 

calculated, are all multiplied by or 1.005. Or, instead of preparing a 

new table, the factors in the printed table may be used, and the result may 
be multiplied by the correction factor, 1.005 in the above example. When 
many analyses are to be done it is more convenient to prepare a corrected 
table. 


Manometric Determinations op the Blood Gases 

CARBON DIOXIDE IN PLASILA OR WHOLE BLOOD. VAN SLYKE AND NEILL (59) 

Reagents 

0.1 y or 0.01 N lactic acid,. 

1 s sodium hydroxide solution, air-free. 

5 -v sodkmi hydroxide. 

Caprylic alcohol. 

These have been described under ‘‘‘General reagents.” 

Procedure for CO 2 in 1-cc. samples 

After the extraction chamber has been cleaned (p. 236) a drop of 
caprylic alcohol is drawn into the capillary above the cock at the top. 
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2.5 cc. of C02-free 0.1 x lactic acid are placed in the cup. The sample 
of 1 cc. of blood or plasma is then run, from a rubber tipped pipette, 
into the chamber, (see fig. 29 or 30) and the 2.5 cc. of 0.1 n lactic acid 
are run in after the blood sample, making a total volume of 3.5 cc. of 
fluid in the chamber and the capillary connecting it with the cup. The 
cock is sealed with mercury run in from the cup and the apparatus is 
evacuated by lowering the leveling bulb until the mercury in the 
chamber has fallen to the 50-cc. mark. The cock leading to the leveling 
bulb is closed and the reaction mixture is shaken two minutes. 

When extraction of the gas is complete, mercury is readmitted, with 
the precautions previously discussed for carbon dioxide determinations 
under ‘‘Adjustment of gas volume,” until the gas volume in the chamber 
has been reduced to 2 cc. The manometer is then read (pi mm.). 

With whole blood the absorption of carbon dioxide with 1.0 cc. of 
air-free 1 x sodium hydroxide is performed as follows: Mercury is 
admitted from the leveling bulb into the chamber of the apparatus until 
the gas volume in the chamber has been reduced to about 5 cc. The 
4-mm. cock connecting chamber and leveling bulb is then closed. Two 
cc. of air-free 1 x sodium hydroxide solution are placed in the cup of 
the chamber. One cc. of the alkali solution is run slowly into the par- 
tially evacuated space to absorb the carbon dioxide. Absorption will 
be complete if as much as 30 seconds is taken to run in the alkali. If 
the Oa-COa mixture in the chamber were at atmospheric pressure when 
the air-free alkali solution was added, the latter would absorb, by 
physical solution, a little O 2 along with the CO 2 removed by combina- 
tion with the alkali. After the alkali has been added, a few drops of 
drops of mercury are admitted from the cup to dislodge the drop of 
alkali that adheres under the cock at the top of the chamber. Use, with 
whole blood, of an alkali stronger than 1 n is undesirable, because it 
would cause a gummy precipitate of hemoglobin. 

With plasma or water solutions of carbonates a simpler absorption 
technique may be used. The carbon dioxide may be absorbed with 0.2 
cc. of 5 X sodium hydroxide measured with a pipette into the cup of 
the apparatus. This solution has solubility coefficients for gases only 
one-tenth those of water and may be used without being previously 
freed of air. It is added with the contents of the chamber at but slight 
negative pressure, with the cock to the leveling bulb open. When the 
carbon dioxide is absorbed the diluted plasma solution rises and washes 
the concentrated al k a l i out of the upper tube of the chamber with 
sufficient completeness to prevent error from vapor tension lowering. 
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The c correction with the addition of so little hydroxide is nearly negli- 
gible. This technique can not be used with whole blood. In the case 
of whole blood, after absoiption of CO 2 there is so much oxygen left in 
the top of the chamber that the blood solution would not rise high enough 
to wash out the concentrated alkali. The latter would consequently 
lower the manometer reading, po, 2 or 3 mm. by lowering the vapor 
tension in the top of the chamber. 

Absorption of the carbon dioxide having been completed, the solution 
in the chamber is lowered until its surface is below the 2 cc. mark. 
The leveling bulb is placed at the middle level as in figures 36 and 37, 
and mercury is readmitted until the meniscus of the solution is again 
on the 2-cc. a mark. The p 2 reading is then noted on the manometer. 
The pressure Pco. of carbon dioxide is 

= P, - P, - c 

where c is the correction for the effect of the introduction of the sodium 
hydroxide solution on the level of the mercury surface in the chamber. 

The c correction for the apparatus is determined by a blank analysis 
in which 3.5 cc. of 0.1 n lactic acid are extracted two minutes in the 
apparatus, the manometer being read before and after the addition of 
1.0 cc. of 1 N sodium hydroxide or 0.2 cc. of 5 n, as described above. 
The difference between the readings before and after addition of the 
hydroxide is the c correction. 

Procedure J or CO -2 in blood samples of 0.2 or 0.1 cc. 

Three cubic centimeters of 0.01 n lactic acid and a drop of caprylic 
alcohol are freed of air and CO 2 by extracting for one minute in the 
evacuated chamber of the apparatus. All but about 0.5 cc. is then nm 
up into the cup of the chamber. 

The sample is then delivered, either “from rubber tipped pipette 
without stop-cock” as described on page 241 or “from pipette without 
either rubber tip or stop-cock” as described on page 242. After the 
delivery of the blood sample enough of the lactic acid from the cup is 
run into the chamber to bring the volume of solution there to 2 cc. The 
chamber is then evacuated till the mercury meniscus is lowered to the 
50-cc. mark, and is shaken for 2 minutes. 

Mercury is then admitted to the chamber, with the precautions out- 
lined for “Adjustment of gas volumes. CO 2 analyses” on page 277, 
and the gas volume is brought to 0.5 cc. If whole blood is being ana- 
lyzed the use of a frosted light behind the chamber to outline the red 
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meniscus is essential for accurate results. The reading pi is taken, 
a lens being used to increase the accuracy of reading both the meniscus 
and the manometer. 

The cock to the leveling bulb is then opened, so that the contents of 
the chamber are under but slight negative pressure, and the gas collects 
in a small bubble under the cock of the chamber. 0.2 cc. of 5 n sodium 
hydroxide solution is measured with a pipette into the cup of the 
chamber, and is then slowly admitted to the chamber, until only enough 
remains above it to fill the capillary above the cock. The absorption 
of CO 2 is almost instantaneous. A few drops of mercury are run 
through the cock. The meniscus is returned to the 0.5-cc. mark and 
the po reading is taken. 

The COo pressure, Pco« is calculated as 

^COi = Pi “ - c. 

The c correction is obtained by performing a blank analysis, in which 
no blood is added. The manometer difference, pi~p 2 , obtained in the 
blank analysis is the c correction. 

Calculation of blood or plasma CO% content 

The P <702 value is multiplied by the proper factor from table 28 to obtain 
the CO-: content of the blood or serum. In case the sample is only 0.1 cc. 
the factor is found by doubling the factor given for 0.2 cc. samples. 

Example. In analysis of a 1 cc. sample of plasma, pi — 345.2 mm., p^ — 127.8 mm.; 
c = 0.5 mm., temperature of gas chamber = 21°. /’cOs = 345.2 — 127.8 -- 0.5 = 216.9 
mm. From the fourth column of table 28 we find that the millimolar factor for 21° is 
0.1190. Hence mM. COo per liter plasma = 0.1190 X 216.9 = 25.81. 

Graphic estimation of plasma CO-ifrom whole blood CO 2 

*4. Estimation by the line chart of figure 39. In plasma the CO 2 content is 
about 1.7 times that in the cells. Consequently acidotic blood may show an 
ordinary' normal CO 2 content if at the same time the blood is sufficiently 
anemic. To avoid such fallacies it is now customary in acid-base studies to 
analyze plasma. However, analysis of whole blood instead of plasma is 
sometimes necessary^ when the supply of blood is limited or facilities are 
not available for separating the plasma without exposure to air. In such a 
case Van Slyke and Sendroy (63a) have shown that the CO 2 content of the 
plasma can be estimated from that of the whole blood with sufficient accur- 
acy for most acid-base studies (within 1 or 2 volumes per cent) by means of 
the line chart in figure 39. In this figure a straight line, drawn from any 




Fig. 39, Line chart for calculating plasma CO 2 content from whole blood CO 2 content. 
From Van Slyke and Sendroy (63a). 
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point on the pHs scale through a point on the cell volume or oxygen capacity 
scale, intersects the slanting /„ line at a point which indicates the factor, /„, 
by which the CO 2 content of oxygenated whole blood must be multiplied 
in order to obtain the serum or plasma CO 2 content. 

If the hemoglobin of the blood is completely reduced, the interesected 
value of Ifj indicated on the scale to the right of the slanting line, is sub- 
tracted from the \^alue of fo for oxygenated blood, in order to obtain the 
value for reduced blood. 

If, as in venous blood, the hemoglobin is partly reduced, the value sub- 
tracted from/o is 


O2 capacity — O2 content 

A/X 

O2 capacity 

Figure 39 can be used w^hen either the hemoglobin content (oxygen capac- 
ity) or the cell volume content of the blood is known, as the right hand scale 
is graduated in terms of both values. 

For many purposes for which knowledge of the plasma CO 2 content is 
desired in acid-base studies, estimation of the plasma CO 2 from whole blood 
CO 2 can be made with sufficient accuracy even when the pHs and the degree 
of oxygenation of the blood are not known. The value of / is not much af- 
fected by changes in plasma reaction of less than 0.1 pH. If the blood is taken 
from a subject without definite alkalosis or acidosis, one may assume, for 
use with figure 39, that the pHgis 7.40,^4^001 introducing into the estimated 
plasma CO 2 an error greater than 0.3 volume per cent. The change from com- 
plete oxidation to complete reduction of blood lowers the value of /by about 
4 per cent. For arterial blood, usually 95 per cent saturated with oxygen, the 
uncorrected/o may be used without significant error, except in cyanotic sub- 
jects, For venous blood, if one assiunes 50 per cent oxygenation, the max- 
imum possible error in /is 2 per cent, sufficient to cause an error in the esti- 
mated plasma CO 2 of about 1 volume per cent. In practice the error, caused 
by assuming 50 per cent oxygenation of venous blood, would rarely exceed 
0.5 volume per cent of plasma CO 2 . 

B. Estimation by the line chart of figure 40. Figure 40, compiled by 
Sendroy (63c) is used in ever}^ respect like figure 39, except that the CO 2 
tension, represented in the left hand scale, is used instead of pH^. Figure 
40 can be used in cases where the CO 2 tension is known, but not the pH,. 
Theoretically the CO 2 tension is less directly related to the ratio of CO 2 con- 
tents in cells and plasma, but actually, except in cases of marked acidosis or 
alkalosis, figure 40 is about as exact as 39. 
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Fig. 40. Line ciiart for calculating plasma CO 2 content from whole blood CO 2 content. 
Same as figure 39, except that COo tension is here used in place of pH, in left hand scale. 
From Van Slyke, Sendroy, and Liu (63c). 
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CARBON DIOXIDE IN URINE 

The determination of carbon dioxide in urine is performed in the same 
manner described above for carbon dioxide in blood. In analysis of urine, 
however, samples of varying sizes are taken, because, as shown by Marshall 
(21c) and Gamble (llfi), alkaline urines contain immensely greater amounts 
of bicarbonate, and therefore of total CO2, than do acid ones.^ Gamble 
found that the free H2CO3 was fairly constant, averaging about 4.2 volumes 
per cent, while the bicarbonate increased with the pH according to the 
Henderson-Hasselbalch equation. The latter may be expressed in the form 

Log BHCO3 = log H2CO3 + pH — pK', 

the numerical value 4.2 volumes per cent or 1.9 millimoles being inserted for 
HiCOgandd.lforpK'. 

The relationship between pH, CO 2 content, and size of urine sample for 
analysis is the following: 

pH up to 6.5, CO 2 5 to 12 volumes per cent, samples of 5 cc. 

pH 6.5 to 7.5, CO 2 12 to 100 volumes per cent, samples of 1 cc. 

pH above 7.5, CO 2 above 100 volumes per cent, samples of 0.2 cc. 

If the pH is not known, one may take a 5-cc, sample. Henderson and 
Palmer (17<z) found that 80 per cent of normal urines have pH values not 
exceeding 6.5, and therefore, according to the above rule, CO 2 contents suit- 
able for 5-cc. samples. If the CO 2 obtained from 5 cc. of urine proves to be 
too much to measure, the analysis is repeated with a sample of 1 cc. or less. 

Reagents 

0.1 x hydrochloric acid. 

5 -V sodium hydroxide, described on page 233 under “General reagents.” 

Caprx'lic alcohol. 

Procedure 

A drop of octyl alcohol is run into the capillary at the top of the mano- 
metric chamber. Enough 0.1 n hydrochloric acid is placed in the cup 
of the manometric chamber to make the volume of acid plus urine 

‘ ilainzer (21a), in order to avoid the necessity of frequently taking small samples of 
urine, employs a manometric chamber on which below the usual 2-cc. mark, two other 
bulbs of 2-cc. capacity are blown, so that the chamber can be calibrated, not only at 0.5 
and 2 cc., but also at 4 and 6 cc. With this chamber 5 -cc. samples can be analyzed of 
urine containing up to 50 volume per cent of CO2, a content which ordinarily corresponds 
to a urinary pH of about 7 . 0 . 
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sample 7 cc. The urine sample is then delivered into the chamber as 
described before in connection with figure 29 or 30 on page 240, and 
is followed into the chamber by the acid. The CO 2 is extracted by 
three minutes shakmg, and pi is measured as in blood CO 2 analyses, 
with the gas volume at 2 cc. The CO 2 is absorbed with 0.3 cc. of 5 n 

TABLE 29 

Factoks for Calculation of CO 2 Content of Urine* 


FACTORS BY W-HICH MILLMETESS PcQ-, JIULTIFLIED TO GIVE 


1 

tempera- 

ture 

Millimoles CO 2 per liter urine 

Volume per cent CO: in urine 

Sample of 

5 L*c. 

Sample of 

1 cc. 

Sample of 

0.2 cc. 

Sample of 

5 cc. 

Sample of 

1 cc. 

Sample of 

0,2 cc. 

X. 







15 

0.02670 

0.1335 

0.668 

0.0595 

0.2974 

1.487 

16 

50 

25 

63 

90 

50 

75 

17 

30 

IS 

58 

86 

28 

64 

18 

12 

06 

53 

81 

06 

53 

19 

2594 

1297 

49 

77 

2886 

43 

20 

76 

88 

44 

73 

66 

33 

21 

58 

79 

40 

70 

48 

24 

22 

40 

70 

35 

66 

28 

14 

23 

24 

62 

31 

64 

08 

04 

24 

06 

53 

27 

60 

2790 

1.395 

25 

2490 

45 

23 

54 

72 

86 

26 

74 

37 

19 

51 

53 

76 

27 

58 

29 

15 

47 

36 

68 

28 

44 

22 

11 

44 

20 

60 

29 

30 

15 

08 

41 

04 

52 

30 

16 

08 

04 

38 

2688 

44 

31 

02 

01 

01 

35 

74 

37 

32 

2390 

1195 

598 

32 

59 

30 

33 

76 

88 

94 

29 

44 

22 

34 

64 

82 

91 

26 

30 

IS 


* All factors are calculated for conditions that S = 7 cc., a = 2 cc., and i — 1.017. 


sodium hydroxide, and the alkali is mixed with the urine solution by 
raising and lowering the latter two or three times in the upper part of 
the chamber. Otherwise the heavy alkali solution might run under the 
urine solution, leaving the upper portions of the latter acid, so that 
some CO 2 might escape again to the gas phase. The reading pi is 
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taken after absorption of tbe CO 2 , and the CO 2 pressure, Pco,» is 
calculated as 


- Pi - Po - c 

The correction c is determined by a blank analysis in which 7 cc. of 
the 0.1 N HCl replace the acid + urine. 

Calculation 

The CO 2 content of the urine is obtained by multiplying Pcoi by the pro- 
per factor from table 29. 


BICARBONATE OF PLASMA AND URINE ESTIMATED FROM CO2 CONTENT 

Principles 

The bicarbonate content can be calculated by means of the Henderson- 
Hasselbalch equation (see pp. 874-884 of volume I) from the CO 2 content 
and the pH by arranging the equation in the following form : 


[BHCO 3 ] = [COd 


1 + 


m 

K' 


= [COd 


1 "h antilog (pK' — pH) 


where [CO2] represents the total CO2 content. The value of pK' for blood 
serum has been found to be 6.10 (17). For urine, Mainzer (21b) has found, 
as might be expected from the varying composition of this fluid, that the 
value of pK^ showed marked fluctuations, covering as wide a range as 5.8 to 
6.3. The average, however, was 6.1, the same as in serum. 

From CO ‘2 content and CO 2 tension the BHCO3 can be calculated by sub- 
tracting from the total CO 2 the part which is in solution as free carbonic acid. 
This is a mixture of anhydrous CO2 and H2CO3, but is customarily for 
simplicity formulated as H2CO3. From the laws of gas solubility H2CO3 is 
calculated from the CO2 tension, p as 

Millimoles H 2 CO 3 per liter = — ^ 

760 X 0.02226 

= 0.0591 a p 

= 0.0301 p 

where a represents the solubility coefficient of CO2 in serum or urine. For 
normal serum at 38° Van Slyke, Sendroy, Hastings, and Neill (63b) found 
that the average value of ot was 0.5 10, Substituting this value in place of a 
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gives 0.0301 p as the simple formula for calculating the H2CO3 of serum from 
the CO2 tension of the blood. 

The CO 2 tension of the arterial blood may be assumed to be the same 
as ''arterial CO 2 tension” determined in the alveolar air as described in chap- 
ter IV of this volume. In the venous blood from the arm, however, one can 
not assume that p is the same as the “venous CO 2 tension” determined in the 
alveolar air, because the blood from the particular vein tapped may have a 
CO 2 tension considerably above or below that of the mixed venous blood 
from the right heart which determines the “venous CO 2 tension” found by 
the methods in chapter IV. The CO 2 tension of blood can be determined 
by the methods described on pages 298 and 309. 

For urine Mainzer (21b) has found that the value of a at 38° varies from 
0.441 to 0.514. For urine CO 2 tension see page 316. 


Bicarbonate in blood plasma 

.4. By formula. If we substitute 6.10 in place of pK' in the first of the 
above formulae we obtain 


[BHCO3] = fCOd X 


1 

1 -j- antilog (6.10 — pH) 


for use udien pH is used to estimate the proportion of total CO 2 that is in the 
form of bicarbonate. 

From the second of the preceding formulae we obtain, for use u'hen CO 2 
tension, p, is used: 

Millimoles BHCO3 = Millimoles CO2 — 0.0301 p 

in which both BHCO3 and CO2 are expressed in millimoles per liter of serum. 
If the data, instead of millimoles, are in terms of volumes per cent of COo 
factor 0.067 replaces 0.0301 as the coefficient of p. 

B. By line chart. Figure 41 contains a line chart devised by Van Slyke 
and Sendroy (63a) by means of -which serum or plasma BHCO3 can be cal- 
culated graphically from the total CO2 together with either pHs or CO2 ten- 
sion. A straight line from the point indicating the observed CO 2 content to 
the point indicating either the observed pHs or CO2 tension, cuts the BHCO3 
scale at the point showing the BHCO3 content in millimoles per liter. 


Bicarbonate in urine 

For determining the BHCO3 in urine from the CO2 content and pH the 
same formula as for serum may be used. It is less exact for urine because 




COi tension mm.-. 
H 2 C 03 mM.p€rL. | 


pHs 

8|0 

r^9 

7::8 

T^J 

?|6 

7^5 

m 

flz 

m 

m 

ds 

6 % 


0.5-r-lO 


0.4- 

0.5- 


0.6 20 
0.7 


0.8 H: 
0.9 
1.0 -f 


1.2 

1.4 -P 
1.6 
1.8 
2.0 -t 


2.2 4 


2.4 


■15 


-25 

•30 

■40 


^50 


60 

-E-70 


-t' 


Fig. 41 Line chart for graphic calculation of pH, COj tension, BHCOj, etc., in blood 

r *'?, ^“^"^“-HassdWch sqaatlm, with values for GO. sola- 
™ from Vto ayte, s«<i,„y, Hastiugs, aud Neill (fflb) and for pK from 

aastmg,,S«d«,y,audVm,Slyte(ir). ChattftomVanSIykeandSeudroy (63a). 
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of the fact that the values of a and pK' used as constants are subject to con- 
siderable variation in urine. 

.1. By multiplying total CO2 by the per cent present as BHCO3, indicated by 
the pH. 



Fig. 42. Curves showing the proportion of carbonic acid in the form of BHCO3 and of 
phosphate in the form of B .HPOi at varying pH. BHCOs curve applies to blood serum, 
and approximately to urine. Phosphate curve is for Sorensen ii/lS phosphate buffer 
solutions. 

The most practicable general procedure is to estimate from the ordinate 
of the H2CO3-BHCO3 curve in figure 42 the per cent of total CO2 that is in the 
form of BHCO3, and multiply the total CO2 content by the per cent, e.g., if 
the CO 2 content of the urine is 7.0 mM. per liter and the pH is 6.5, the curve 
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indicates that 71.5 per cent of the CO2, or 0.715 X 7.0 = 5.0 millimoles of 
BHCO3 per liter is present. 

Procedure .4 applies to either normal or pathological urines. 

B. Bv subtracting the mean HiCOa of normal urine. 

Gamble (11a) found that in normal urine the H2CO3 content is fairly con- 
stant at 4.2 volumes per cent^ or 1.9 millimoles per liter. Consequently 
subtracting 4.2 volumes per cent or 1.9 mM. per liter, from the total CO 2 
gives the bicarbonate. E.g., in the same urine specified in the above ex- 
ample, subtracting 1.9 niM. from the 7.0 mM. total CO2 leaves 5.1 mM. 
BHCO3. This procedure assumes a constant CO2 tension in urine and is 
therefore less accurate than procedure A. It suffices, however, when one 
wishes to estimate amounts of BHCO3 such as are found in urines of pH 
greater than 7.0, where H2CO3 is small in comparsion with BHCO3. 

PLASiLA. C.4RB0N DIOXIDE COMBINING CAPACITY OP VAN SLYKE 
AND CULLEN (53) 

The applicability of this determination as a measure of the alkaline re- 
serve in conditions not complicated by respiratory abnormality has been 
discussed on page 251. 

The technique for drawing and centrifuging the blood, and for storing 
the plasma and saturating it with air containing 5.5 per cent of CO 2 , is the 
same as described on page 253 for preparing the plasma for analysis by the 
volumetric apparatus. 

Reagents 

0.1 -V lactic acid, C02-free. 

Caprylic alcohol. 

Procedure 

For the analysis a drop of octyl alcohol is drawn into the capillary 
below the cup of the manometric chamber, and 1.5 cc. of 0.1 n lactic 
acid are measured into the cup. The 1 cc. sample of plasma, previously 
saturated with air containing 5.5 per cent of CO 2 , is delivered into the 
chamber by the technique for “delivery of blood sample from pipette 
without stop-cock” described on page 241, and illustrated in figure 29. 
The 1.5 cc. of lactic acid is run in after the plasma, the cock is sealed 
with mercury, and the chamber is evacuated and shaken two minutes. 

The volume of gas is reduced to 2 cc. with the precautions described 
on p. 277 for carbon dioxide determinations, and pi is read on the 
manometer. The gas is then ejected without loss of solution, as 
described on page 279, and the meniscus of the solution is returned to 
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35 — I 


30 H 


I J 

B 

20 - 


15 -J 


Fig. 43. Line diart for calculating plasma CO 2 combining capacity of Van Slyke and 
Cullen from manometric readings. A straight line intersecting the “temperature” and 
“mm pressure CO 2 + air” scales at points of observed values cuts the “vols. per cent COo 
capacity” scale at the point showing the CO 2 capacity of the plasma, when the plasma 
sample analyzed is 1 cc. From Van Slyke and Neill (59) . 
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the 2-cc. mark in the gas free chamber. The zero pressure po is then 
read on the manometer. 

The pressure of the CO 2 + air extracted from the 2.5 cc. of solution 
is pi — po mm. From the pressure thus obtained and the temperature 
the CO 2 capacity of Van Slyke and Cullen is calculated graphically by 
means of the line chart in figure 43. 

M icro determination 

In a 50-cc. separatory funnel enough plasma is saturated with air 
containing 5.5 per cent CO 2 so that one or preferably two samples of 
0.2 cc. can be obtained. For the analysis a drop of octyl alcohol and 
0.2 cc. of the saturated plasma are run into the chamber of the apparatus 
foUowed by enough 0.01 n lactic acid to bring the volume of solution in 
the chamber down to the 2.0 cc. mark. The reading of the pressure of 
the extracted gases is made at 0.5 cc. volume. The pressure observed 
is appHed to the line chart of figure 43, as in calculating the results of 
the macro determination. The result is multiplied by 1.26 to give the 
correct capacity by the micro method. 

The sample in the micro analysis is 0.2 as great as in the macro analysis, and the volume 
at which the gas pressure is measured is 0.25 as great. Hence the pressure observed in 
the micro analysis of a given plasma would be only 0.20/0.25, or 1/1.25 as great as in the 
macro analysis, if the corrections for unextracted and redissolved CO 2 were the same. 
However, with the smaller volume of solution (2 cc. vs. 2.5 cc.) in the chamber, extraction 
is more complete. On the other hand, reabsorption of CO 2 in the microanalysis, when the 
gas volume is reduced to 0.5 cc., is 3.7 per cent compared with 1.7 per cent in the macro 
analysis. The effects are opposite in direction, and their difference suffices to raise the 
factor from 1.25 to 1.26. 

EISENMAX’S INTERPOLATION METHOD EOR DETERMINATION OE SERUM pH 
AND CO2 TENSION (8a) 

Principle 

The CO2 absorption curve of the serum or plasma is located, and the point 
representing the value of the CO2 content of the anaerobically centrifuged 
serum or plasma is interpolated on the curve. Thereby the CO2 tension of 
the blood as drawn and the pH of the plasma can be ascertained. 

Three samples of serum or plasma are analyzed for CO2 content; one at 
once in the condition in which it is separated anaerobically from the cells, 
and the other two after equilibration at 38 ° with air containing CO2 at known 
tensions below and above that of the circulating blood. Ordinarily air with 
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CO 2 tensions of about 30 and 60 mm. is used for the saturation. The results, 
in terms of CO 2 tension of the air used and of CO 2 content found in the two 
saturated plasma samples, are plotted as points A and 5 on Peters’ logarithmic 
chart, as shown in figure 44 (for discussion of this type of chart see “Logar- 
ithmically plotted CO 2 absorption curves” on pp. 913-914 of volume I). 
This type of chart has the advantage that CO 2 absorption curves of serum or 
plasma (likewise those of whole blood) plotted on it are approximately 
straight lines; hence a linear “curve” may be located by determining two 
points and drawing a straight line through them. On this line is marked the 
point -T indicating the COo content of the serum sample analyzed as separated 
from the blood cells. The ordinates of this point indicate the CO 2 tension 
and pHs of the blood as drawn. 

The accuracy of the procedure for pHs estimation may be deduced from 
equation 27 in the “Carbonic acid and acid-base balance” chapter of volume I. 
From this equation one calculates that, in the absence of cells, there is 
1.8 volumes per cent change in the CO 2 content of normal separated serum 
per 0.1 change in pH^. If the rectilinear form of the CO 2 absorption curve 
holds exactly, and the curve itself is located without error, a serum analysis ac- 
curate within 0.2 volumes per cent (about the limit of accuracy of the method) 
would yield a pH accurate within 0.01. However, the location of the line 
itself is subject to the errors of the two sets of analyses by which it is located, 
and the absorption curve is not necessarily an absolutely straight line, al- 
though it closely approaches one. If the height of the absorption curve, 
in terms of CO 2 content, is in error by 0.2 volume per cent, and the error is 
opposite in direction to a similar error in the analysis of the plasma as 
separated, the total error in pH from these sources would be 0.02. With 
good manometric analyses performed in duplicate on 1 cc. plasma or serum 
samples, results reproducible within 2 or 3 mm. of CO 2 tension and within 
0.02 or 0.03 pHg may be expected. When 0.2 cc. samples are used the error 
may be twice as great. 

The accuracy of the constants, a and pK', of the Hasselbalch equation by 
which the chart of figure 44 is plotted, sets the limit of the accuracy with 
which electrometric pHg results can be checked by this gasometric method. 
The errors in a and pK' are at present probably slight, since these constants 
have been determined with precise technique and many precautions (17, 
63b). 

When, however, the body temperature is much above or below 38°, these 
constants are altered, and Hkewise the level of the absorption curve. The 
error of the method therefore increases to an extent not yet determined when it 
is used to estimate pEg in febrile subjects. . - 7 ■ 
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Drawing of blood and separation of serum or plasma 

The blood is drawn with aerobic precautions, described in chapter II, 
to prevent loss of CO2 or access of Oo. If an anticoagulant is added it must 
be one that is neutral and free from buffers. From the time the blood is 
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Fig. 44. Logarithmic pH chart for blood serum. The ordinates represent COo con- 
tents of plasma in volumes per cent, and the abscissae COa tensions in mm. of mercury. 
From Peters (28a). 


drawn until, as soon as possible, the serum or plasma is separated, no change 
of CO2 or O2 content must be permitted to occur, either by contact with air 
or by allowing time enough for respiration of the cells to affect the gas con- 
tent. Nor must lactic acid formation by glycolysis be given opportunity to 
occur. Such changes in the whole blood affect both the pH and bicarbonate 
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content of the plasma in the manner discussed in volume I on page 902 and 
under ‘‘Donnan equilibrium” on page 1020. 

The separation of the serum or plasma from the cells is likewise carried 
out under anaerobic precautions, as described in chapter II. 

Saturation of serum or plasma at 38° with air of known CO 2 tension 

Various procedures may be used, differing chiefly in the manner in w'hich 
quantitative mixtures of air and CO 2 are prepared. Two such procedures 
will be described. The first, introduced by Van Slyke, Wu, and McLean 
(65), is based on the measurement of gases into a tonometer by means of 
pressure read on a manometer. It is convenient, does not require measure- 
ment of the volume of the tonometer, and the calculation is made by a rela- 
tively simple formula. 

Procedure II is an earlier one used by Austin, CuUen, Hastings, McLean, 
Peters, and Van Syke (3) before the convenience of the pressure method 
had been realized. It is based on the measurement of calculated volumes of 
CO 2 into tonometers of known volume. The technique itself is about as 
simple as that of the measurement by pressure, but the calculations are 
more complicated, and involve the barometric pressure and the volume of 
each tonometer used. We include a description of this procedure, however, 
because it is the one which Eisenman used. 

I. Preparation of air -CO 2 mixture by pressure measurement. 
The apparatus shown in figure 45 is used for both procedures I and II. 
For I, however, the gas bmette shown in the figure is omitted. The 
source of CO 2 is a Kipp generator containing marble chips and dilute 
hydrochloric acid (1 part of concentrated HCl to 2 parts of water). 
The COo is bubbled through water in a wash bottle before it reaches 
cock d. The air inlet is through a mercury valve with a mercury 
column 80-mm. deep, so that when as much air as possible is admitted 
to the tonometer through this valve the pressure reached in the tonome- 
ter will be 80-mm. less than atmospheric. This difference is desirable 
in order to prevent danger of subsequent forcing out of a cock of the 
tonometer when the pressure of the contained gas is increased by 
raismg the temperature to 38°. The bore of the manometer tube should 
be 4 to 5 mm., and the inner diameter of the bottle serving as mercury 
reservoir at the bottom of the manometer should be approximately 10 
times the inner diameter of the manometer tube. Then the cross 
section of the bottle is 100 times that of the tube, and for each mm. 
rise of the mercury in the tube there is a fall of 0.01 mm. in the mer- 
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cury in the bottle. Hence 1 per cent can be added to any observed 
change in the manometer reading in order to obtain the actual pressure 
change in the system. 


yUanifoliv 


To pump 



nf filling vessel with gas mixture containing known tensions of the 

constituent gases. From Austin, Cullen, Hastings, McLean, Peters, and Van Slyke (3). 

'Tlie tonometer is attached as shownin 
e an e system is evacuated until the column of mercury in 
the manometer has risen 200 or 300 mm. Cock g leading to the pump 
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is then closed, and the manometer is observed for a minute or two in 
order to see whether the system is free from leaks. If all connections 
are tight the manometer remains constant, and its reading is noted. 
Some CO 2 is then wasted through cock d so that air which may have 
diffused into the rubber connections leading to the Kipp generator 
may be replaced by pure CO 2 . The waste CO 2 is passed out into the 
air through the limb of cock d. (Cock d in the figure is shown connected 
with the gas burette, which is omitted from the apparatus for the present 
use.) Then cock d is turned to admit CO 2 slowly into the manifold 
and tonometer. The admission is continued until the mercury in the 
manometer has fallen the desired distance. This distance is about 0.9 
as many millimeters as represent the COo tension desired at 38° in the 
tonometer. Therefore, for the tonometer that is to have at 38° approxi- 
mately 30 mm. CO 2 tension the manometer drop should be about 27, 
and for the tonometer with 60 mm. the manometer fall should be about 
56. When the desired amoimt of COo has been admitted cock d is 
closed, the manometer is read accurately, and the room temperature 
is noted. Then through cock f as much air is admitted to the tonometer 
as will pass the mercury trap. The tonometer is then closed, discon- 
nected from the manifold, and is rotated in a bath at 38° for fifteen 
minutes. 

The calculation of the CO 2 tension in the tonometer after it has been 
warmed to 38° is made by equation 1 : 

, , 311 314 

( 1 ) - 1.01 P. X ^ , p.x 


pz& — COo tension in the tonometer at 38°. 

pt = COo tension as measured at room temperature by the uncorrected 
manometer fall during the admission of CO 2 . 
t = room temperature in degrees Centigrade, 

The factor 1.01 corrects, as mentioned above, for the rise of mercury in the 
manometer reservoir that accompanies the fall of mercury hi the manometer 


tube. 


The factor. 


311 

in + t 


corrects for the rise in CO 2 pressure, proportional 


to the rise in absolute temperature, that is caused by warming the tonometer 
from f to 38°. 


It is desirable that the tonometer should be as much as 30-fold the volume 


of the serum that is equilibrated. The serum will then approach the initial 
COo tension closely enough to Mmit the error from tliis factor in the inter- 
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polated CO2 tension to a fraction of a millimeter, and in the interpolated 
pH to the third decimal place, as may be deduced from the follow- 
ing paragraphs. 

In figure 44 points .4 and B represent the CO 2 contents of samples of normal serum 
equilibrated at 38° with air containing COo at 30 and 60 mm. tension respectively. Point 
X represents the CO; content of the serum as separated anaerobically from the fresh 
blood, and the interpolated position of .1: on the line A B indicates the CO 2 tension and 
pH of that blood. 

Let us assume that 2 serum samples are each equilibrated with 30 volumes of air con- 
taining 30 and 60 mm. respectively of initial CO 2 tension, and that the initial CO 2 tension 
of the serum is intermediate at 45 mm. In this case one can calculate that the final CO 2 
tensions reached at the end of equilibration by both serum and gas will be 31 and 59 mm. 
in the two tonometers. The points A and B (figure 44) will be approximately 0.25 
volume per cent above and below their correct levels for 30 and 60 mm. CO 2 tension (As 
illustrated by the line A-B in figure 44, the CO 2 content of ordinary separated serum rises 
about 0.25 volume per cent per 1 mm. increase in CO 2 tension.) The two opposite errors 
at the ends of the line AB compensate each other in the middle of the line, so that at the 
point where .v is interpolated the error is negligible. If the serum has a low initial CO 2 
tension, so that .v lies near A, point A will be located with almost exact precision, because 
there will be little interchange of CO 2 between serum and gas. The error in point B will 
be greater, but will have little effect on the level of x, because the latter is near the correct 
point, .4 . If X is located near B similar conditions will give an approximately exact result. 
Therefore, whether the CO 2 tension, x, of the drawn blood is near 4 or 5 or in the space 
midway between them, shift of CO 2 such as can occur between the serum and the gas phase 
during equilibration will cause no significant error in the interpolation of the position of .1:. 

The change in CO 2 tension of points 4 or B (figure 44) that is caused by the absorption 
or giving off of CO 2 by the serum during the equilibration can be calculated by equation 
2, which was developed by Austin et al (3), 


( 2 ) 


P/ = Pi 


8.66 A 


pi is the initial value of ^ 33 ° calculated by equation 1 on the assumption that the amount 
of CO 2 taken up or given off by the serum during equilibration is zero in its effect on the 
final CO 2 tension. is the final tension, actually reached in the tonometer at the end of 
equilibration. A is the volume per cent by which the serum CO 2 content increases dur- 
ing the equilibration. (A is negative when the CO 2 content of the serum decreases, as it 
usually does when the serum is equilibrated at the lower CO 2 tension represented by point 
4 in figure 44). Vtu indicates the volume content of the tonometer, F 5 the volume of 
serum in the tonometer. If, as recommended above, Vfn is 30-fold Vs, absorption by the 
serum of 5 per cent of its volume of CO 2 during equilibration would change the CO 2 tension 
of the gas by 


8.66 X 5 X 1 

= 1.5 mm. 
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Equation 2 is derived as follov/s; The volume of CO 2 removed from the gas phase by 

absorption into the plasma is Ty X when the gas volume is expressed in cubic 

centimeters measured at 0^, 760 mm. In order to calculate the CO 2 volume at 38°, the 

311 

above value must be multiplied by — The pressure exerted by this amount of CO 2 in 

2/0 

the tonometer gas space, Vt^ ~ I’S) is equal to the ratio, CO 2 volume: total gas space, in 
atmospheres, and to that ratio multiplied by 760 if the pressure is expressed in mm. of 
mercuIy^ Hence the pressure correction to subtract from or add to pi will be 


311 

Cubic centimeters of CO 2 absorbed (measured at 0°, 760 mm.) X — 

273 

Cubic centimeters of gas space in tonometer 


X 760 


^ X 311 

100 ^ 273 8.66 A 

= 7 - ,^/ - X ^60 = 7-^- 

^ Tn ' T,i * S 

II. Preparation of air-CO% mixture by volumetric measure- 
ment. The apparatus is used as shown in figure 45 , with the gas burette 
in place. The tonometer and manifold are evacuated until the pressure 
is reduced to about half an atmosphere. Cocks b and c are then closed 
as shown in figure 45 . CO 2 from the generator is then wasted through 
cockd d, c, and b, so that air which may have diffused into the CO2 
in the rubber connections leading to the generator is washed out, and 
the capillary tubes between d and b are filled with CO 2. Cocks d and b 
are then closed in the order given, and d is turned so that the gas 
burette is filled with CO2. With cocks c and d turned as shown in the 
figure the mercury surface in the leveling bulb is brought even with 
that in the burette, and the reading is recorded of the burette with the 
CO2 in it at atmospheric pressure. The temperature of the gas in 
the burrette is read from the thermometer in the water jacket and the 
barometric pressure is noted. 

The volume of CO 2 required to bring the tonometer gas to the de- 
sired CO2 tension is now calculated by means of equation 3 . 


(3) 


CO, 


P {^Tn - ^ 5 ) 


X 


CO, 


Tn 


B - W, 


CO2 


in which Vcoii Tco^. and Wco. represent the volume, absolute tempera- 
ture and vapor pressure, respectively, of the gas in the burette, B = the 
barometric pressure, Vxn and V5, = volumes of tonometer and serum 
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r6sp©ctiv6lyj Ttix ~ tcnipBrRtur© st which, th© blood, is to bs ©(jmh- 
brat©d, P is the desired pressure of CO 2 at temperature which is 
usually 38°C., or 311 absolute. The first factor of this equation can be 
calculated in advance (it is for this reason that the equation is arranged 
in its otherwise illogical form). The vapor pressure, Wco^i corre- 
sponding to the observed temperature, Tco, is obtained by reference 
to table 18 on page 163. 

Example 

P = 40 mm. of CO; tension- desired. 


= 61.5 cc. volume of tonometer between the two cocks. 
Tn 

Tjg = 3.0 cc. of serum. 

= 38" + 273" = 311°. 

Tco. = 21° -!- 273° = 294°, 


B 


ir 

\ 


754 mm. 

18.5 mm. vapor tension of water at 21°. 

40 (61.5 - 3.0) _ 294 40 X 58.5 X 294 

311 ^ 754 - 18.5 “ 311 X 735.5 


3.01 cc. of CO 2 gas. 


The desired volume of CO 2 } ^002 is now introduced into the tonome- 
ter. To do this cocks c and d are turned to connect the burette with 
cock b, the mercury leveling bulb of the burette is raised so that the 
surface of mercury in the bulb is at a level slightly above that which will 
be taken by the mercury in the burette when the desired volume of gas 
has been delivered from it. Then cock b is turned so that the CO 2 
is slowly admitted into the partly evacuated tonometer. When the 
desired volume has been transferred cock b is closed. At this moment 
the surface of the mercury in the leveling bulb should be even with 
that in the gas burette. In case exactly the desired amount of CO 2 
has not been admitted to the tonometer, it is not necessary to repeat 
the procedure. The amount that has been admitted is measured, and 
the resultant P is calculated by rearranging equation 3 into the form 
of equation 4: 




Vrn - n 


CO 


(4) 
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The volume Vs of plasma .or serum is measured into a test tube and 
thence is drawn up into the still partly evacuated tonometer through 
the capillary at the bottom and cock a. Enough air is permitted to 
follow the plasma to sweep all of it up into the tonometer, but not 
enough to fill the tonometer to atmospheric pressure. 

The tonometer is finally connected through cocks b, c, and f with the 
air intake and air is allowed to enter as long as it will. The pressure in 
the tonometer is then 80 mm. below atmospheric. The tonometer is 
then closed and disconnected from the manifold. 

Equilibration. After the tonometer h‘as been filled by either pro- 
cedure I or II the lower tube is wiped free of adherent serum with a pipe 
cleaner, and the ends of both tubes are covered by rubber caps. The 
tonometer is then rotated in a water bath at 38° for fifteen minutes in 
such a manner that the serum is distributed in an even film over the 
inner wall. 


Sampling of saturated serum or plasma for analysis 

After equilibration the tonometer is placed upright in the bath, so 
that one capillary outlet emerges. The rubber cap is removed from 
this and a rubber tube leading to a mercury bulb containing enough 
mercury to fill the tonometer is attached. A little mercury is wasted 
through the three-way cock. The tonometer is now inverted, still in 
the bath, so that the end attached to the mercury bulb is below. The 
upper cock of the tonometer is opened to the air, and mercury is slowly 
admitted through the lower cock until the serum rises to the upper cock, 
which is then closed. The tonometer is then removed from the bath. 
The lower cock is kept open, so that the leveling bulb remains connected 
with the interior of the tonometer, and the leveling bulb is elevated 
slightly so that the contents of the tonometer are under a little positive 
pressure. If both cocks of the tonometer were closed while the mercury 
and serum contracted during cooling to room temperature, a vacuum 
bubble would be formed and CO 2 would escape into it from the serum. 
A piece of rubber tubing about 2 cm. long is attached to the upper outlet 
of the tonometer, and samples of serum are drawn for analysis as de- 
scribed under “Measuring blood samples” on page 58 of chapter II. 
In the present case the tonometer is used in exactly the manner 
described for use of the mercury sample container there (fig. 6), the 
rubber tube being closed by a pinch clamp when a plasma sample is 
not being drawn. 
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Analysis of scrum 

The CO 2 contents of the original serum and of each of the saturated 
serum samples are determined separately by the usual manometeric 
procedures described on pages 283-286. Equilibration of 3-cc. samples 
of serum permits duplicate analyses of 1-cc. samples. The use of micro- 
technique, with smaller amounts and analysis of 0.2-cc. samples, 
diminishes the accuracy of the procedure, but is permissible if pH* 
within ±0.05 is sufficiently accurate. 


Calculation 


By means of the logarithmic chart of figure 44, CO 2 tension and pH can be 
determined without calculation. The two saturated serum points, A and B 
are marked on the chart and connected by a straight line. The carbon 
dio.xide content of the original serum, .r, is marked on this line. The CO 2 
tension, Pco», and pH can be read with an accuracy of 0.01 pH and 0.5 mm. 
of CO 2 tension. 

The error of the graphic calculation is less than the experimental error 
of the method by a sufficient margin to make it doubtful whether expendi- 
ture of more labor to diminish the error of calculation is worth while. A 
more precise interpolation can, however, be obtained by making use of equa- 
tion 5 to calculated the CO 2 tension sought. 


(5) 


log = log 


(log - log C:,) (log pg - log P^) 
(log - log C^) 


C = CO 2 content m volumes per cent, p = tension of CO 2 in millimeters of 
mercury. Subscripts A and B refer to the serum or plasma samples satur- 
ated at knovm low and high CO 2 tensions respectively, subscript x to the 
sample analyzed without saturation (see figure 44) . 

From px thus obtained pH* can be calculated by the Henderson-Hassel- 
balch equation 6: 


( 6 ) 


pH- = 6.10 ± log 


Cx — 0.067 px 
0.067 px 


(Equation 6 is equation 14 on page 880 of volume I, with the numerical 
factor 0.0301 replaced here by 0.067 in order to apply the equation to CO 2 
contents expressed in volumes per cent instead of millimols per liter.) 
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Less accurate method by determination of a single point on the separated serum 

COo absorption curve 

For the method just described, if 1-cc. samples are used for anal 3 -sis at 
least S cc. of serum are required. It is, however, possible with somewhat 
greater error to determine FcOi, and pH from the carbon dioxide content and 
1 point of the absorption curve, thereby diminishing b\’’ 3 cc. the amount of 
serum required. Eisennian found that the average change of CO 2 content of 
separated serum between 30 and 60 mm. of CO 2 tension at 3S° was 5.6 
volumes per cent. If, then, the CO 2 content of separated serum at any 
known tension of CO 2 is determined, the probable absorption curve is de- 
fined b\’ a line drawn on logarithmic paper through the observed point, in 
such a manner that its intersection with the 30 mm. ordinate is 5.6 volumes 
per cent of CO 2 lower than its intersection with the 60 mm. ordinate. On 
this line a point representing the CO 2 content of the true serum is placed. 
If the CO 2 tension of the circulating blood is reasonably near that at which 
the serum is saturated, the error of the method is small, but it increases 
as the difference between the two tensions increases. 

The one-point procedure therefore consists in saturating, at a deter- 
mined CO 2 tension near the probable tension of the drawn blood 
enough serum for one analysis. From the CO 2 tension and content of 
this sample the CO 2 absorption curve of the serum is plotted on the 
logarithmic chart as above outlined. Another sample of the serum, 
kept during and after centrifugation without gas change, is analyzed 
to obtain Cxi which is interpolated on the absorption curve. From 
the interpolated point the desired CO 2 tension . and pH are found by 
inspection of the chart. 

DIRECT DETERMINATION OE CO 2 TENSION AND pH IN WHOLE BLOOD AND 
URINE.* VAN SLVKE, SENDROY, AND LIU (63c) 

Discussion 

In this procedure -whole blood is is equilibrated wdth -J-th its volume of gas 
which contains CO 2 and O 2 in tensions approximating those of the blood. 
Exchange of CO 2 between the blood and the gas bubble quickly brings the 
CO 2 tension in the bubble to the same level as in the blood. Because of the 
large amount of hemoglobin buffer in whole blood, the amount of CO 2 that 
the blood gives off to or takes from the gas has, under these conditions, 

*The details are here described for blood. Drs. Sendroy and Seelig have shown that 
the same technique applies also to urine. The only change required is to equilibrate 
50 cc. of urine, instead of 9 cc. of blood, with 1 cc. of gas. 



310 


GASOMETRIC METHODS 


negligible effect on the CO 2 tension and pH of the blood. The final CO 2 
tension of the system is, within a fraction of a millimeter, the same as the 
initial CO 2 tension of the blood. The final CO 2 tension of the gas is deter- 
mined by micro gas analysis of the bubble, by the method of Van Slyke, 
Sendroy, and Liu, described on pages 119-122 of chapter III. 

The blood is anaerobically transferred to a centrifuge tube, and is centri- 
fuged while protected from contact with air. 

From the CO 2 content of the plasma and the CO 2 tension found by analysis 
of the gas bubble, the plasma pH is estimated, as described above for Eisen- 
man’s method, by Hasselbalch’s equation, either algebraically by equation 
6 or graphically by means of figure 41 or 44. 

As an alternative to centrifugating the whole blood and determining 
the CO 2 content of the plasma, one may determine the CO 2 in the whole 
blood (either as drawn or after equilibration, since the difference is not signifi- 
cant) . The CO 2 content of the plasma is then estimated from that of the 
whole blood by means of the line chart in figure 40, and the estimated plasma 
CO 2 content is used in calculating pH. This indirect estimation of plasma CO 2 
content in place of direct analysis may introduce an error of as much as two 
volumes per cent of plasma CO 2 , and a resultant error of 0.02 in pHs, al- 
though the usual limit of error is only half as much. Even with indirect esti- 
mation of plasma CO 2 content from whole blood analyses, the average devia- 
tion of gasometric pHs values from electrometric ones has been found to aver- 
age not over 0.02 pH, and in no case (48 .determinations) to exceed 0.04 pH 
(63c). With direct plasma CO 2 analyses the errors are about 0.01 pH less. 

That, under the conditions of the equilibration used, the final CO 2 tension 
of the gas is brought to very nearly the initial tension of the blood may be 
seen from the following calculations. One cubic centimeter of gas is 
equilibrated with 9 cc. of blood. If we assume that the initial tension of the 
gas is 40 mm., while that of the blood is 50 mm. (a larger difference than will 
usually occur), the gas bubble, in order to raise its CO 2 tension to 50 mm., 
will take from the blood 0.0126 cc. of CO 2 (calculated at 0°, 760 mm.), and 
thereby reduce the blood CO 2 content by 0.14 volume per cent. The fall in 
CO 2 tension caused by removing this amount of CO 2 from normal whole 
blood is only 0,3 mm. (see figure 91 of volume I) . 

If the oxy'gen content of the blood changed markedly during equilibra- 
tion the CO 2 tension would be affected, because of the well known influence 
of osy'genation in raising CO 2 tension. However, the exchange of O 2 be- 
tween the gas bubble and the blood under the conditions of the equilibra- 
tion has been found (63c) to have no significant effect on the results, even in 
the case of venous blood where the initial O 2 tension is the most variable. 
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Reagents 

The reagents are those required for ‘“Carbon dioxide in respiratory air by 
isolation method” described on page 119 of chapter III, and those required 
for determination of CO 2 in blood or plasma, described in a preceding sec- 
tion of this chapter. 

Apparatus 

For preparing the gas mixtures with which the blood is equilibrated the 
apparatus shown in figure 45 is used, without the gas burette or the mercury 
valve in the lower right corner. 

For equilibrating the blood with a bubble of 1 cc. of gas the apparatus 
shown in figure 46 B is used. The chamber is of 10-cc. capacity, and the 
contracted portion of the top is marked to contain 1 cc. of gas over 9 cc. of 
blood. The stop cocks and all capillaries leading to them are of 1 mm. bore. 
The bulb C is of 1 cc. capacity. The gas is transferred to G after equilibra- 
tion, and is kept in it over mercury until convenient time for analysis. 

Preparation of gas mixtures iiscdfor equilibration 

The technique is essentially the same described for “preparation of air- 
CO 2 mixtures by pressure” on page 301. However, the capillary which is 
shown in figure 45 below cock d to be connected vnth a gas burette is in this 
case connected with an oxygen tank, and the inlet to the water trap in the 
lower right corner is connected with a supply of hydrogen or nitrogen gas 
instead of air. The mercury trap is omitted. 

A Barcroft tonometer of 100 to 200 cc. capacity is convenient for 
making up the gas mixture. It is attached to the manifold as shown 
in fig. 45. 

The tonometer is evacuated 3 times and filled, after each evacuation, 
with Ho or with H 2 . It is then evacuated again, and the system is 
tested for leaks, as described on page 303. COo and Oo are then ad- 
mitted imtil the pressure after each admission has fallen by the desired 
number of millimeters. Then as much Ha or W 2 is admitted as will 
enter through cock f (fig. 45). 

For venous blood 50 mm. of CO2 tension and 25 mm. of Oo tension 
are used. 

For arterial blood 40 mm. of CO2 tension and 80 mm. of Oo tension 
are used. 

If the COo tension of the blood is believed to he abnormally high 
or low, CO 2 tensions greater or less than the above are used. 



312 


GASOMETEIC METHODS 


In each case the manometer is allowed to fall the full number of 
millimeters corresponding to the desired tension. For the Eisenmann 
method only 0.9 of the desired tension of each gas was measured at 
room temperature, because the equilibration was subsequently carried 
out at 38° in a tonometer from which none of the gas was permitted 


X 



Fig. 46. Alicro tonometer for equilibrating blood with 1 cc. of gas. From Van Slyte 
Sendroyj and Liu (63c). 

to escape, so that the tension of each of the contained gases was 
increased about 10 per cent by the rise in temperature. In the present 
method, however, the pressure caused by warming the saturation vessel 
is released by opening a cock to the air before the equilibration is 
finished, so that no allowance need be made for increase in pressure 
when the tonometer is warmed. 
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It is sufficient if the mixtures are made up to within 1 or 2 mm. oi 
the designated tensions, since the final COo tension in the relativelj 
small gas bubble is determined by the initial CO 2 tension of the blood, 
and not, as in the Eisenmann method, by the initial CO 2 tension oi 
the gas. 

Introduction of gas into the micro tonometer 

The large container, T, in fig. 46, contains the prepared gas mixture. 

The chamber B (fig. 46) and the 3 capillary tubes at its top are filled 
with mercury, and the bulb G is filled with mercury from H. Cock S 
is placed in position d and a drop of caprylic alcohol is drawn from the 
cup C into the capillary below the cup. Cup C is then partially filled 
with mercury from above, and B and T are connected as shown in the 
figure. The connecting capillary X is of 0.5-mm. bore, and has at its 
tip a tapered rubber ring, shown inserted into the cup C. About 3 cc. 
of mercury are admitted into T from leveling bulb A, and capillary X 
is cleared of atmospheric air by connecting it with T and allowing gas 
from T to waste through X and bubble out through the mercury in C. 
The interiors of B and T are then connected by turning the proper cocks, 
and by lowering the leveling bulb D the mercury is withdrawn from B 
and is replaced with gas from T. Stop-cocks S', S, and F are closed in 
the order given. S is left closed between positions 2 and 3. Clamp 
K' is closed and the rubber tube is disconnected from S'. Capillary AT 
and the mercury are removed from cup C. 

Introduction of blood into the micro tonometer 

The blood sample is collected anaerobically and without stasis, as de- 
scribed in chapter II, in a tube which contains enough potassium oxalate 
and ammonium fluoride to make the final concentration of these sub- 
stances in the blood 0.2 and 0.1 per cent respectively. The necessary 
volume of a neutral solution containing 20 grams of potassium oxalate 
and 10 grams of ammonium fluoride per 100 cc. is spread as a film over 
the inside of the blood collecting tube, and the film is dried with a cur- 
rent of air. The blood is preferably collected directly over mercury 
(fig. 6) but may be collected under oil and thence transferred to a tube 
over mercury. 

To the tube containing the blood over mercury the gas-filled micro 
tonometer B (fig. 46) is connected by means of a glass capillary from 
the upper outlet of the blood tube to the inlet below cock S' of the 
micro tonometer. Air and the first few drops of blood from the blood 
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tube are wasted through outlet L in cock S'. Cock 5 is then turned to 
position 3, and blood is admitted to the tonometer until the fluid reaches 
the mark, and the chamber contains 9 cc. of blood and 1 cc. of gas. 
Cock S is then closed in position midway between 3 and 4. Leveling 
bulb d is reconnected to the tonometer’s lower inlet capillary, and that 
capillary is cleared of blood by passing mercury through it and the 
outlet L. 


Equilibration of blood and gas at 3S° 

The tonometer B in an upright position is immersed as far as the upper 
cock in water at 38° ±0.1°. Leveling bulbs D and H, attached to the 
tonometer, are suspended outside the bath. A droplet of mercury is 
placed in cup C. The tonometer is held in the bath for one or two 
minutes, then S is turned to position 3 to allow escape of enough of the 
warmed air to lower the pressure within the chamber to atmospheric. 
The escape of gas is indicated by movement of the droplet of mercury 
in cup C. Cock S is closed and the vessel is left in the bath for another 
minute, after which S is again opened. This procedure is repeated 
imtil there is no further indication of the escape of gas when the cock 
is opened. 

Cock S is turned from position 5 in a clockwise direction to a position 
midway between 1 and 2. A rubber stopper is inserted into the mouth 
of cup C to keep out water from the bath. The entire tonometer is 
then immersed m the bath and is rocked in such a manner that the 
bubble moves from one end of the chamber to the other. Ten minutes 
suffice for attainment of CO 2 equilibrium. At the end of that period 
the vessel, still in the bath, is placed in an upright position for one or 
two minutes to permit drsdnage of blood from the wall of the upper part 
of the chamber. Then, with leveling bulb H slightly elevated, stopcock 
S is turned to position 2 just long enough to permit a droplet of mercury 
from G to pass into the chamber B. The mercury removes blood from 
the bore of cock S, from which it might otherwise enter G when the gas 
is transferred to this bulb. 

Separation of equilibrated blood and gas 

This operation is preferably performed without removing the tonome- 
ter from the bath. If one works quickly, however, the tonometer may 
be taken out and the gas bubble transferred to bulb G before tem- 
perature change has significantly affected the distribution of CO 2 
between the gas and blood. 
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The tonometer is either removed from the bath, or, preferably, placed 
in an upright position with only the part above cock 5 above the surface 
of the bath. The stopper is removed from C. Leveling bulb H is 
placed slightly below and leveling bulb D slightly above the tonometer. 
Cock S is then turned to position 2. A portion of the gas from B escapes 
at once into G. Most of the remaining gas is driven into G by admitting 
mercury from leveling bulb D into the bottom of chamber B. The 
admission of mercury is stopped when almost all of the gas has been 
transferred to G, and before any blood has entered the bore of cock S. 
Cock S is then turned to position 3 and the small bubble of gas left in 
5, followed by a little blood, is allowed to escape into cup C. 

S is turned to position 4^ and cup C and the bore of the cock are 
cleaned by drawing water, and then acetone in succession through U. 
The separated gas and blood may now be analyzed at the operator’s 
convenience. If, however, the blood is not analyzed at once, it should 
be chilled in ice water and kept cold until used. Even then the blood 
analysis should be made on the same day. Before removal of either 
the blood or gas for analysis, the tonometer should be brought to room 
temperature. 


Determination of the COi content of the gas phase 

This analysis is carried out as described in chapter III under the 
heading, “Carbon dioxide in respiratory air by the isolation method.” 
The technique described for measuring micro gas samples on page 121 
is followed. To transfer the gas sample from bulb G of figure 46, the 
arm U is connected glass to glass with the side arm of the Van Slyke- 
Neill manometric chamber. Mercury is then run back and forth 
between cup C of the tonometer and the Van Slyke-Neill chamber to 
drive all gas bubbles out of the cormections. Manometer reading po 
is taken, with the meniscus of the mercury at the 2-cc. mark in the gas- 
free manometric chamber. The mercury leveling bulb attached to H 
is then placed higher than the leveling bulb of the manometric appa- 
ratus, cock S is turned to position 1, and all the gas in G is passed into 
the manometric chamber followed by a little mercury to seal the cock 
of the chamber. The mercury meniscus in the chamber is again 
brought to the 2-cc. mark and manometer reading pi is taken. The 
pressure exerted by the gas sample at 2-cc. volume is calculated as 


^5 = Pi - Pi 
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The absorption of the CO 2 with NaOH solution and the rest of the 
analysis are then carried out as described on pages 121 to 125 of 
chapter III. 

Centrifugation of blood and determination of plasma CO 2 content 

To outlet U of the micro-tonometer B (fig. 46) is connected, glass to 
glass, a capillary tube so bent that its opposite end can be passed to 
the bottom of a centrifuge tube. The blood is then passed into a centri- 
fuge tube containing a layer of oil. The oil is replaced by a layer of 
low melting paraffin, as described on page 58 of chapter II, and the 
blood is centrifuged. A hole is then made through the paraffin with 
a warm cork borer, and 1-cc. samples of the plasma are withdrawn into 
pipettes and used for determination of the CO 2 content as described 
on page 283 of this chapter. 

In place of the paraffin plug to prevent escape of CO 2 during the 
centrifugation, one may use centrifuge tubes arranged as indicated 
in figure 7, 11 or III (p. 56). 

Calculation 

The CO 2 content C of the gas bubble is calculated as described for this 
analysis in chapter III page 122. 

From the volume per cent of CO 2 in the gas phase, indicated as C, the CO 2 
tension, p, is calculated by the usual formula: 

p = 0.01 CiB - 49 ) 

where B is the barometric pressure in millimeters of mercury and 49 is the 
vapor tension of water at the 38° temperature of the equilibration, and, 
assumed, of the blood while in the circulation. 

The calculation, algebraically or graphically, of the plasma pH from the 
CO 2 tension of the blood and the CO 2 content of the plasma, has already 
been explained in the third and fourth paragraphs of the introductory dis- 
cussion of this determination. 

C.ALCULATIOX OE PLASMA pH PROM PLASiLA CO2 CONTENT AND ALVEOLAR 

CO 2 TENSION 

The value of the CO 2 tension in the Henderson-Hasselbalch equation 6 
(p. 308) may be ascertained by determining the CO 2 tension of the alveolar 
air under conditions such that either the arterial or venous tensions will be 
obtained. Procedures for these determinations have been described in 
chapter I\ . Arterial CO 2 tensions obtained by analysis of alveolar air have 
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been found by Hastings, Xeill, ^Morgan, and Binger (16b) to agree with those 
found in the blood even in severe pneumonia. WTiile one can not predict 
that in every pathological condition the “arterial” CO 2 tension found in the 
alveolar air will agree with that actually found in the arterial blood it seems 
probable that such exceptions even in disease are rare. It appears that as a 
rule arterial pHs values calculated by figure 41 or 44 or by equation 6 
given above for Eisenmann’s method, with alvolar COo tension in place of 
p:, are as accurate as the analytical determinations of serum CO 2 content and 
alveolar COa tension. 

In the case of venous blood an equal degree of accuracy can not be ex- 
pected. It is clinically impossible to obtain mixed blood from the right 
heart, and blood from an arm vein may deviate markedly in its CO 2 content 
from the mixed venous blood. Also the technique of determining the ve- 
nous CO 2 tension in the alveolar air is more complicated and liable to error 
than the technique for determinng arterial CO 2 tension m the alveolar air. 
When venous serum CO 2 contents must be used for calculation of pH^ 
values, the most convenient approximation, and as accurate as any other, is 
obtained by estimating the arterial serum CO 2 content from the venous, 
and usmg this value together with the arterial CO 2 tension determined in the 
alveolar air, for the calculation of arterial pH* by Hasselbalch’s equation. 
If the oxygen unsaturation of the venous blood is known the CO 2 content of 
the arterial serum can be estimated within 1 or 2 volumes per cent by sub- 
tracting from the venous serum CO 2 content 0.8 volume per cent for each 
volume per cent of oxygen unsaturation. In the lack of oxygen data one 
can assume that the arterial serum CO 2 content in the resting indivdual is 
5 volumes per cent less than the venous and seldom be so far ofi as to make 
an error from this source alone as great as 0.05 in the calculated arterial pH*. 

However, since arterial blood can be readily obtained by skin puncture, 
as in the method of Shock and Hastings described in chapter 27, it should 
seldom be necessary to base estimates of arterial CO 2 content on analyses of 
venous blood. 

The calculation of pH* from serum CO 2 content and alveolar CO 2 tension 
can be made either algebraically by equation 6 in the preceding section on 
Eisenman’s method, or graphically by the line chart of figure 41 or 44. The 
graphic method is simpler, and gives results within 0.01 pH. 

CO 2 CAPACITY AND CO 2 ABSORPTION CURVE OE WECOLE BLOOD 

The CO« capacity of whole blood is usually designated as the CO 2 content 
found after saturating the blood at 38° with air containing CO 2 at 40-mm. 
tension. The same technique for saturation of serum described in the pre- 
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ceding section on gasometric serum pH determination may be used. When 
whole blood is saturated it requires more time than serum to reach equilib- 
rium, and fifteen to thirty minutes saturation are used. The larger the 
ratio of volume of blood to surface of tonometer, and the thicker the layer of 
blood on the tonometer walls during saturation, the longer will be the time 
required to reach equilibrium. It is desirable to have the tonometer size 
50-fold the volume of the blood put in it. Then fifteen minutes suffice for 
equilibration, and the volume of CO 2 which the blood absorbs from, or gives 
off to, the gas phase with 40-mm. CO 2 tension, is ordinarily negligible. Dur- 
ing the saturation at 38° appreciable amounts of lactic acid may form from 
glycolysis and cause a fall in the CO 2 capacity unless preventive measures 
are taken. To prevent lactic acid formation it is desirable to add 10 mg. of 
neutral sodium or ammonium fluoride per cubic centimeter of blood (see 
chapter II). The sodium fluoride greatl}' retards glycolysis, but the am- 
monium salt prevents it altogether (Stadie, personal communication). 

For COi absorption curves on whole blood one may again use the same 
technique described for serum. However, because of its greater buft'er con- 
tent, the blood when saturated with CO 2 at tensions above or below that in 
the circulation, takes up or gives off much larger amounts of CO 2 than does 
serum, when equilibrated at high and low levels of CO 2 tension. Therefore, 
if one uses the technique previously described one is routinely compelled to 
correct, by means of equation 2 on page 304, for CO 2 given off or absorbed 
by the blood during equilibration. 

There are two means of avoiding such correction. One is to transfer the 
saturated blood to a fresh tonometer, and saturate a second time wdth gas 
mbcture of the initial composition. The transfer may be accomplished by 
connecting the bottom of the blood-containing tonometer (T in figure 45) 
by means of a U-shaped capillary tube with the fresh tonometer, which has 
already been charged with the proper amount of CO 2 . A partial vacuum is 
left in the fresh tonometer, so that w-hen the connections are opened the 
blood is drawn over. It may be necessary to resaturate in a third tonometer 
before the CO 2 content of the whole blood becomes constant at a CO 2 ten- 
sion widely divergent from the original. The other way to avoid correc- 
tion for COo exchange between blood and gas is to use the double tonom- 
eter method described below. 

For saturation curves of whole blood the most accurate and convenient 
procedure in the authors’ experience is the use of the double tonometer (fig. 47) 
described b\' Austin et al (3) as their “first saturation method.” The smaller 
chamber is from ^,th to ^th the volume of the larger, and is of capacity to 
contain somewhat more than the volume of blood to be saturated. The two 
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chambers are connected by a rubber tube of 6 or 7 mm. bore. With this 
technique one does not attempt to fix exactly the final CO 2 tension when the 
gas mixture is made up. The desired tension is approximated at the start, 
and the actual tension at equilibrium is determined by anah’sis of the gas 
phase, the gas and blood after equilibration being separated for analysis in 
the two chambers of the tonometer. 




Fig. 47- Double tonometer for saturating blood with gas mixtures of analyzed com- 
position. From Austin et al. (3). 

Before equilibration the blood is placed in the smaller chamber, the 
two chambers are connected with the rubber tube, and the tube is 
closed by a screw clamp. The tonometer is then connected to a gas 
manifold like the one shown in figure 45 (gas bmette is uimecessary 
in this case). The tonometer is more or less completely evacuated, 
and the pressure on the manometer is read. The pump is shut ofi 
from the tonometer, and the manometer, still connected with the 
tonometer, is observed for a minute or two in order to see whether a 
leak is indicated by falling of the mercury. If the apparatus proves to 
be tight the manometer is read, and then CO 2 is admitted into the system 
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until the mercury in the manometer has fallen 30, 40, 60, or whatever 
number of milluneters corresponds to the desired CO 2 tension. Air 
or other gas is then admitted to bring the total pressure in the tonometer 
up to atmospheric (the mercury valve shown in the lower right corner 
of figure 45 is omitted in this technique). By using a manifold with 
additional connections to sources of H 2 , No, and O 2 , any desired mbcture 
with these gases can be made. The use of the manometer to measure 
the amounts put in obviates the necessity of knowing the size of the 
tonometer, and of calculating the volume of CO 2 to add. 

For saturation nearly all of the blood is run into the larger chamber 
of the tonometer, and the tonometer is rotated in a horizontal position 
in a bath at the desired temperature, usually 38°. From time to time 
one cock is brought outside the bath and opened. This is repeated 
until the absence of positive pressure in the tonometer shows that it 
has reached thermal equilibrium with the bath. (The drop of water 
at the mouth of the capillary is no longer pushed away by internal 
pressure when the cock is brought outside the bath and opened.) The 
rotation of the tonometer is then continued for fifteen to twenty minutes. 

At the end of the equilibration period the tonometer is placed upright 
m the bath, with the smaller chamber below the larger, so that the 
blood drains into the smaller. When drainage is as complete as pos- 
sible, two clamps are screwed onto the rubber tube between the 
chambers (fig. 47) and the tube is cut in two between the clamps. 

The larger chamber is now removed from the bath, and the gas in 
it is analyzed for CO. 2 , and for other gases if desired, at leisiure. From 
the analysis the tension of CO 2 or of other gases, at the end of the 
equilibration is calculated by the usual formula : 

p - W) 

100 

where p is the tension, C the per cent of CO 2 or other gas found in the 
gas mixture, W is the vapor tension, 49 mm. at 38°. 

After the larger chamber is removed, the three-way cock of the 
smaller chamber is brought above the smface of the bath, is connected 
with a mercury leveling bulb, and a little mercury is wasted through 
the three-way cock to remove air and water from its bore. The chamber 
is then inverted and fastened in position with the cut end of the clamped 
rubber tube projecting from the bath. Water is removed from the 
bore of the tube above the clamp. Then the clamp is opened, and 
mercury is admitted into the bottom of the chamber until the gas is 
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displaced and blood rises into the rubber tube. This is then closed again 
with the clamp. The chamber now serves as a container for preserving 
the blood over mercury, as described in connection with figure 6 on 
page 54 of chapter 11. Samples of blood for analysis are drawn from 
the chamber as described under “Measuring blood samples” in 
chapter II. 


OXYGEN IN BLOOD. VAN SLYjELE AND NEILL (59) 

With the same manometric apparatus ox\'gen determinations can be per- 
formed on blood samples varying from 2 to 0.1 cc. in size. With samples 
of 2, 1, or 0.5 cc. one can, with some experience, obtain duplicate results 
differing by an average of less than 0.05 volume per cent of oxygen. Such 
results are, of course, obtained with less attention to detail when the larger 
samples are used. But when one has become familiar vdth the apparatus it 
is practically as easy to obtain them with 0.5 cc. as with 2-cc. samples. 

It is necessary that tlie 0.5-cc. sample be smoothly delivered from a pi- 
pette calibrated to within 1 cubic millimeter, and that when the manometer 
readings are made a lens shall be used to locate the meniscus of the blood 
solution exactly on the 0.5-cc. mark in the chamber of the apparatus, and 
to locate the mercury meniscus in the manometer. For the necessary ac- 
curacy in locating the meniscus of the blood solution a frosted light placed 
behind the chamber to reveal the meniscus sharply is required. With 
the aid of such a light and a reading lens, however, one has no difficulty in 
obtaining highly accurate results with 0.5-cc. blood samples. In a con- 
siderable series of analyses by one of the vniters the average difference 
between duplicates was 0.03 volume per cent of O 2 , corresponding to an 
average difference in duplicate manometer readings of 0.25 mm. 

With samples smaller than 0.5 cc. the accuracy diminishes in proportion to 
the size of the sample, but samples of 0.2 cc. can yield results with mean error 
not exceeding 0.2 volume per cent of oxygen. 

Reagents 

1 -Y NaOH, neutral jerricyanide-saponin solution, and 20 per cent hypo- 
sidfite described previously wider “General reagents” The NaOH and hypo- 
sidfite are prepared air-free as described on p. 235. 

Procedure 

For 2 cc. of blood, 10 cc. of the neutral ferricyanide-saponin re- 
agent mixture are placed in the chamber and freed of air by three 
minutes extraction. 
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In freeing the reagent solution from air it is not possible in the cham- 
ber of the manometric apparatus to separate entirely the mercury from 
the solution. The contact is kept sufficiently small to prevent signifi- 
cant reaction with the ferricyanide, however, if the solution is drawn 
so far down into the tube at the bottom of the chamber that none of the 
mercury is thrown up and rotated about the bulb during the 
extraction of the ferricyanide reagent. 

The extracted air is ejected from the chamber and 6 cc. of the ferri- 
cyanide solution are forced up into the cup above the chamber. It is 
advisable before this moment to have the blood sample ready in a 
pipette. As quickly as possible after the 6 cc. of reagent solution have 
been forced up into the cup, the blood sample is run into the chamber of 
the apparatus, as described in connection with either figure 29 or 30. 
One cubic centimeter of the reagent solution is run into the chamber 
after the blood, leaving 5 cc. in the cup. This portion left in the cup is 
now discarded. Its purpose has been to serve as a protecting layer to 
prevent diffusion of atmospheric air into the 1 cc. at the bottom, which 
is used to wash the last drops of blood into the chamber. Some water 
is placed temporarily in the cup, and the cock is sealed by filling its 
bore with mercury. 

The chamber is now evacuated, and the oxygen is extracted from the 
solution by shaking 3 minutes. 

When extraction is complete mercury is admitted from the leveling 
bulb into the chamber until the gas volume has been reduced to about 
5 cc,, and the CO™ is absorbed with air-free In sodium hydroxide, as 
described on p. 284 for determination of COo in whole blood. 

After one minute has been allowed for the alkali to finish draining 
down the walls of the upper part of the chamber, the fluid meniscus in 
the chamber is brought to the 2 cc. mark and reading pi is taken on the 
manometer, the gases in the chamber being the oxygen and nitrogen 
extracted from the blood. A frosted light behind the chamber should 
be used to outline sharply the meniscus of the dark blood solution. 

To absorb the O 2 the chamber is evacuated until a gas space of 4 or 
5 cc. is obtained. The cock leading to the mercury bulb is then closed. 
1.5 cc. of air-free solution of hyposulfite and anthrahydroquinone beta- 
sulfonate are placed in the cup of the apparatus, and part of the solution 
is admitted to the chamber, a drop at a time. As each drop trickles 
down the inner wall of the chamber it absorbs oxygen, and the mercury 
in the mauomater falls. After a few drops have been admitted no further 
perceptible fall occurs. The cock leading to the mercury leveling bulb 
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is then opened and the solution in the chamber is permitted to rise as 
near to the stopcock as it will, with the mercury leveling bulb in the 
position shown in figures 36 and 37. The remainder of 1 cc. of hypo- 
sulfite solution is then added in several portions, completing the absorp- 
tion of the last traces of oxygen. The entire absorption can thus be 
completed in about one minute. 

After absorption of Oo is completed the po reading is taken with the 
gas volume again at 2 cc. The oxygen pressure is 

^o„ = Pi - P■^ — 

The value c is determined by extracting for three minutes 10 cc. of 
the ferricyanide reagent solution. Three cubic centimeters are then 
ejected and the remaining 7 cc. in the chamber are extracted two 
minutes. At the end of the extraction 1 cc. of air-free sodium hydroxide 
is admitted from the cup. The manometer is read with the gas volume 
at 2 cc., and 1 cc. of hyposulfite is run in. The reading is then repeated. 
The difference between the two readings is the correction c. The c 
value thus determined combines the correction for the effect of 1 cc. of 
hyposulfite on the level of the mercury in the chamber with a slight 
correction for dissolved atmospheric oxygen not removed from the ferri- 
cyanide solution by one preliminary extraction. 

For oxygen determination in I cc. of blood the technique is the 
same, except that less ferricyanide solution is used. 7.5 cc. of the ferri- 
cyanide solution are first freed of air by three minutes shaking, 6 cc. are 
run up into the cup, and 1 cc. is returned with the blood sample to the 
chamber, so that the final mix ture in the latter is 1 cc. of blood with 
2.5 cc. of the ferricyanide solution. 

For oxygen determination in 0.5 cc. or less of blood 6 cc. of the 
ferricyanide solution and a drop of caprylic alcohol are freed of air by two 
minutes extraction in the chamber, and 5 cc. of the solution are run up 
into the cup. The blood sample is then run into the chamber from a 
simple bulb pipette calibrated for complete delivery. The technique 
of delivery is that described on page 241 for “Delivery from rubber 
tipped pipette without stop-cock.” After the blood has been delivered 
enough ferricyanide from the cup is admitted to the chamber to bring 
the total volume of fluid there to 2 cc. 

As an alternative to the mode of delivery directed above, 0.1 or 0.2 
samples of blood may be delivered from pipettes calibrated to deliver 
between two marks, and not provided with rubber rings. The blood 
sample is deposited on the floor of the cup tmdemeath the ferricyanide 



324 


GASOMETSIC METHODS 


solution, and is then admitted to the chamber followed by enough ferri- 
cyanide solution to bring the fluid volume in the chamber to 2 cc. A 
few cells are likely to remain adherent to the floor of the cup, but the 
loss in accuracy appears to be not important for the micro analyses. 
For the accurate analyses with 0.5 cc. samples the delivery prescribed 
in the preceding paragraph is desirable. 

The rest of the analysis is carried out in the same manner described 
for2-cc. samples, with one exception in the case of 0.2 or 0.1-cc. samples. 
When in these micro analyses the oxygen is absorbed with hyposulfite, 
the preliminary admission or several drops into the partially evacuated 
chamber is omitted. After the pi reading is taken the pressure in the 
chamber is allowed to rise to nearly atmospheric, and the hyposulfite 
(of which 0.5 cc. suffices) is admitted in several portions over the small 
bubble of gas that lies under the cock at the top of the chamber. 

To determine the c correction 6 cc. of ferricyanide solution and a 
drop of caprylic alcohol are freed of air by two minutes extraction in 
the evacuated chamber. Four cubic centimeters are forced up into 
the cup, and the remaining 2 cc. are extracted, and the pi and p 2 readings 
are taken after admission of alkali and hyposulfite respectively, as in 
the blood analysis. The value of the pi-ps difference obtained in this 
blank analysis constitutes the c correction. 

Calculatmi of blood oxygen content 
The oxygen pressure is calculated as 

Pqi = Pi - pi " 

The P 02 thus found is multiplied by the proper factor from table 30 to calcu- 
late the oxygen content of the blood in millimols per liter or in volumes per 
cent. 

SIMULTANEOUS DETERMINATION OE CARBON DIOXIDE AND OXYGEN IN 1 CC. 
or BLOOD. VAN SLYKE AND NEILL (59) 

The procedure is the same as that for determination of oxygen in 1 cc. 
of bloodj except that mstead of the neutral ferricyanide solution the acidified 
solution is used, and the pressure reading is taken before as well as after ab- 
sorption of the carbon dioxide with 1 N sodium hydroxide. 



Millimoles 0-j, CO or Ns per liter of blood Volume pur ceiu (Js, fO or Ns in l.lnoil 
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Reagents 

Acid saponin-ferricyanide solution. 

1 .V sodium hydroxide solution, air-free. 

Hyposnljite solution, air-free. 

Caprylic alcohol. 

These are described under “General reagents.” 

Procedure 

The ferricyanide solution is extracted air-free in the chamber and 
the blood sample is introduced as described above for oxygen deter- 
mination. 

When the blood is run down into the acid ferricyanide solution in 
the chamber of the apparatus a precipitate forms from a combination 
of the blood proteins with the reagents. As soon as the cock of the 
chamber has been sealed with a drop of mercury the leveling bulb of 
the apparatus is raised and lowered a few times, so that the solution 
and precipitate in the top of the chamber are drawn down into the en- 
larged lower part and then permitted to rise back to the cock again. 
This procedure detaches the precipitate from the wall and breaks it up 
into fine granules which remain suspended in the solution and do not 
interfere with any subsequent steps in the analysis. ^ 

The gases are extracted by shaking for 3 minutes. The gas volume 
is then reduced to 2 cc. with the precautions described for CO 2 deter- 
minations under “Adjustment of gas volume,” on p. 277, and the 
pressure pi is read. 

Absorption of the carbon dioxide with air-free 1 n hydroxide is carried 
out as described above for the oxygen determinations. As the alkali 
mixes with the blood solution the precipitate mentioned above dissolves. 
The mixing of the blood and alkali is completed by moving the chamber 
back and forth slightly two or three times with the hand. Vigorous 
shaking of the alkaline solution is to be avoided, or reabsorption of 
oxygen to a slight but measurable extent may occur. Finally, the gas 
volume is restored to 2 cc., and the pressure p 2 is read. 

^C0„ ^ Pi ~ Pi ^ ‘^C02* 

After the po reading the oxygen is absorbed with 1.0 cc. of hyposuifite 
solution, as already described for oxygen determinations, and pz is 
read on the manometer with the gas volume in the chamber at 2 cc. 

= Pi - Pi - 
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The nitrogen content also may be determined. A pi reading is taken 
with the gas at 0.5 cc. volume, the residual gas is ejected, the pressure 
in the gas free chamber is reduced again till the solution meniscus is 
on the 0.5-cc. mark and pa is read. 

= Pi ~ Pi - 

The c corrections are determined by extracting 7.5 cc. of 0.1 n sodium 
hydroxide for three minutes, ejecting 4 cc. of the solution and carrying 
out the pressure readings and the addition of the hydroxide and hypo- 
sulfite solutions as above described. The is a slight correction for 
a trace of nitrogen not removed in the preliminary extraction of the 
reagents. 

The results are calculated by tables 28 (p. 280) and 30 (p. 325). 

CARBOX MONOXIDE IN BLOOD, MITH OR WITHOUT OXYGEN AND CARBON 
DIOXIDE. VAN SLYKE .AND NEILL (59) 

This procedure is carried out with the usual blood gas technique, and 
yields values for the CO content that are accurate within 0.2 volume per 
cent. It is therefore adequate for detection of carbon monoxide poisoning, 
in which several volumes per cent of CO are present. When, for special 
purposes, greater accuracy is desired, the more elaborate method of Sendroy 
and Liu, described below, may be used. The ferricyanide solution must be 
acidified in order to assist in overcoming the affinity of CO for hemoglobin. 

Reagents 

Acid f err icyanide-saponin sohdioti. 

1 .Y sodium hydroxide solution^ air-free. 

Hyposulfite solution, air-free. 

Caprylic alcohol. 

These are described under “General reagents.” 

Procedure 

Of the acid ferricyanide solution 10 cc. are extracted free of air and 
6 cc. are run up into the cup of the manometric apparatus a!s in oxygen 
determinations. Two cubic centimeters of blood are measured into 
the chamber, followed by 1 cc. of reagent solution from the cup, as in 
oxygen determination. The blood, with 5 cc. of the air-free reagent, 
is extracted for three minutes in the evacuated chamber. Carbon 
dioxide, carbon monoxide, and oxygen are liberated together. 



BLOOD CO, MANOiTETRIC, WITHOUT HEMPEL PIPETTE 329 

The COois absorbed with 1 cc. of air-free 1 n* INTaOH, as described above 
for oxygea determinations, and reading pi is taken, with the gases, 
O 2 , CO, and N 2 in the chamber at 2-cc. volume. 

The oxygen is then absorbed with 1 cc. of hyposulfite. 

At this point, caution is required because of the high affinity between 
CO and reduced hemoglobin, which can recombine rapidly with CO 
to form HbCO. The formation of reduced hemoglobin occurs as soon 
as the hyposulfite mixes with the blood solution, and can be seen by the 
change from the dark methemoglobin color to the clear red of reduced 
hemoglobin. As soon as the reduced hemoglobin has been formed in 
the solution the latter begins to reabsorb the CO that has been extracted 
from it. If unnecessary agitation is avoided, however, the proportion 
reabsorbed was foimd by Van Slyke and Neill (59) under the conditions 
of the analysis to be approximately constant, 2.4 per cent of the total 
CO present. (Since this factor is empirical it is well for the analyst 
to redetermine it with his own apparatus and technique, by analyzing 
in the same way some blood from which the oxygen has been completely 
displaced by carbon monoxide. The percentage of the total CO ab- 
sorbed when hyposulfite is run in, as described below, is used as a cor- 
rection instead of 2.4 if it is found to be different.) 

The hyposulfite is run into the chamber, in the manner above de- 
scribed for O 2 determination, without agitation of the solution. As soon 
as the absoiption of O 2 is complete, the cock leading to the leveling bulb 
is closed and the leveling bulb is placed in the lowest position. The 
level of the fluid in the chamber is then quietly lowered to the 2-cc. 
mark. Care is taken not to overrun the mark, as the manipulation of 
the solution to bring it back would increase the amount of CO absorbed. 
The liquid level in the chamber should be lowered at a sufficiently slow 
rate also to permit complete drainage of the solution down the walls. 

The pressure pz is read, with the gases CO md No in the chamber 
at 2 cc. volume. 

The gas is then ejected from the chamber and pressure ps is read. 

The c corrections are determined as usual in blank analyses, co. 
being foxmd as pi — pz and Cco + Ni as pz — pi. 

Calculation 

The pressures of the respective gases are calculated as follows; 

= Px~ Pi~ ^O, ” 0-024 (p, - Ps) 


Pco + iV„ = 1.024 (pj — Pj — ^CO + iVa). 
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The O 2 content and the CO -f- No content of the blood are calculated 
from Fo and Pco„ + x. by the factors in table 30. From the content of 
CO + No one subtracts 1.2 volume per cent for the N 2 to obtain the CO. 

Volume per cent CO = Volume per cent (CO + No) - 1.2 

If one wishes to determine only carbon monoxide without oxygen, 
the addition of NaOH can be omitted, since the alkaline hyposulfite 
will absorb both COo and O 2 The readings pa and ps can then be 
taken with the gases at either 2.0 or 0.5-cc. volume, according to whether 
much or little CO is present. 

The analysis can also be carried through, with somewhat less accu- 
racy, on 1 cc. of blood. In this case CO 2 determination, as well as O 2 
and CO can be included, by making a reading with the extracted gases 
at 2-cc. volume before the COo is absorbed with NaOH. 

CARBON MONOXIDE IX BLOOD, WITH OR WHTHOUT OXYGEN AND CARBON 
DIOXIDE. PRECISE METHOD OF SENDROY AND LIU (32) 

Discussion 

The above Van Skke-Neill procedure for carbon monoxide determination 
is simple and sufficiently exact for most analyses. It is, however, not so 
exact as an oxygen determination for two reasons: 

1. An empirical correction must be used for the small but measurable re- 
absorption of CO by rediced hemoglobin that occurs during the interval 
between addition of hyposulfite and measurement of P co + Nv 

2. The CO can not be determined directly by absorption with cuprous 
chloride solution, because introduction of the latter into the chamber with 
the alkaline blood solution would cause an unmanageable precipitate. To 
make possible the use of cuprous chloride it is necessary first to remove the 
alkaline blood mixture from the chamber. This was accomplished by Har- 
ington and Van Slyke (1 6) by elaborating the extraction chamber through 
adding to its lower end a three-way cock and bulb, by means of which 
solutions could be removed from the chamber while the gases were left in it. 
The disadvantage was that it required replacement of the usual extraction 
chamber by a special one not required for any other analysis. 

This inconvenience has been overcome by Sendroy and Liu (32). After 
extracting the blood gases in the usual Van Slyke-Neill chamber they remove 
them to the modified Hempel pipette (figure 48) introduced into the 
manometric technique by Van Slyke and Hiller (56). In the pipette the O 2 
and CO 2 aii absorbed by alkaline pyrogallol solution. The blood mixture 
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in the extraction chamber is replaced by water. The CO and Ns from the 
Hempel pipette are then returned to the chamber, and the CO is measured 
by absorption with cuprous chloride. The carbon monoxide is thus deter- 
mined directly, and with an accuracy equal to that of o.xygen determinations. 

The attainable accuracy is proportional to the size oi blood sample used. 
With 5-cc. samples the error is 0.01 to 0.02 volume per cent of CO; with 1-cc. 
samples it is 0.05 to 0.10 volume per cent. 


TABLE 32 

Factors by Which Pco is aiuLTiPLiED to Calculate Volume pee Cent of CO When 
5 cc. OF Blood Are Analyzed (V.an Slyke and Robscheit-Robbins (60)) 


TElfPESATUBE 

F.ACTOa WHEN PqQ IS ilEASUKED WITH 
GAS AT 0.5-CC. VOECME 

FACTOR tVHEN PqQ IS MEASURED WITH 
.US AT 2.0-CC. VOLDITE 

“C. 

15 

Q. 01263 

0.0505 

16 

58 

03 

17 

S3 

01 

18 

49 

0.0499 

19 

44 

98 

20 

39 

96 

21 

35 

! 94 

22 

30 

92 

23 

25 

90 

24 

21 

88 

25 

16 

86 

26 

12 

85 

27 

07 

83 

28 

03 

81 

29 

0.01199 

80 

30 

95 

78 

31 

90 

76 

32 

86 

74 

33 

82 

73 

34 

78 

71 


Before using this method one should read the section on “Use of the modi- 
fied Hempel pipette” on page 280. 

Reagents 

Acid sapo7im-ferricyamde solution, air-free 1 n NaOH, and air-free 
Winkler^s cuprous chloride solution, described under “General reagents for 
blood gas determinations.” 
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Alkaline pyrogallate solution described for use in the Haldane air analysis 
apparatus in chapter III, page 96. The pyrogallate is placed in the modi- 
fied Hempel pipette aod protected from air by a layer of parafi&n oil (fig. 48). 

Precise determination of small amounts of CO in blood, with 5-cc, blood 

samples 

The procedure is a modification of that developed by Van Slyke and Rob- 
scheit-Robbins (60) to determine 1 or 2 volumes per cent of CO with an 
error of only 0.01 volume per cent. The primary purpose was to make pos- 
sible determmation of the volume of circulating blood in an animal by the 
carbon monoxide method of Grehant and Quinquad (12) without saturat- 
ing, as had previously been necessary, as much as one-third of the blood 
hemoglobin with CO in order to obtain accurate results. A technique 
requiring the saturation of only one-tenth or one-twentieth of the circulating 
hemoglobin makes the method more safe and convenient for use with human 
subjects, and vith animals permits the introduction of the CO by intrave- 
nous injection of CO-saturated blood instead of by inhalation of the gas (60). 
The method may also prove useful in determining small amounts of CO in 
blood in chronic CO poisoning. 

Extraction of gases from blood sample. In the chamber of the 
manometric apparatus 18 cc. of the acid ferricyanide solution and 6 or 7 
drops of caprylic alcohol. The air is removed by evacuating, shaking 
three minutes, ejecting the extracted air and repeating the process 
once more. Six cubic centimeters of the solution are forced up into 
the cup of the apparatus. Then 5 cc. of blood are run under this 
layer of solution into the chamber of the apparatus from a pipette pro- 
vided with a rubber tip, in the manner shown in figure 29 or 30. One 
cubic centimeter of the ferricyanide from the cup is then run down into 
the chamber to wash out the cock of the apparatus; the cock is sealed 
with a drop of mercery, and the 5 cc. of ferricyanide left in the cup are 
removed. The mercury in the chamber is now lowered to the 50-cc. 
mark and the evacuated chamber is shaken for seven minutes. Be- 
cause of the large rolume of solution a longer time than the usual two 
or three minutes is needed to obtain maximmn extraction of the gases. 

Reasons and precautions for the above steps are the same as for 
the oxygen determination described on p. 322. 

Transfer of gases to Hempel pipette and absorption of COi 
and oxygen. The leveling bulb is raised to such a height that the' 
mercury surface in the bulb is a little above that in the chamber and the 
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extracted gases are collected in the top of the chamber under slight 
positive pressure. The stop-cock leading to the leveling bulb is closed, 
and the leveling bulb is left in the uppermost ring, above the chamber. 

Before the Hempel pipette is used a little of the pyrogallate solution 
is nm out to clear the stop-cock a (fig. 48) of any air that may be present. 
Then a little caprylic alcohol is put into cup c, and one drop is admitted 
into the capillary r. (The caprylic alcohol prevents foam formation 
in the pyrogallate solution.) The capillary limbs, I and r. are then 
filled with mercury from the cup c above. About 1 cc. of mercury is 


rig leveling ijUi 




Position o Ttisiilon b 


Fig. 48. Transfer of extracted blood gases to Hempel pipette in Sendroy-Liu deter- 
mination of blood O 2 and CO. From Sendroy and Liu (32). 

poured into the cup k of the Van Slyke-Neill apparatus, and all air is 
dislodged from the capillary leading down from the cup to the chamber. 

The free end of the Hempel pipette, with mercury flowing through Z 
from the cup c above, is thrust firmly down into the cup k so that the 
rubber tip fits snugly, as shown in figure 48, and stop-cock a is opened 
to the position indicated. (It is convenient to support the weight of the 
Hempel pipette by a wire or light chain.) Stop-cock h is then opened. 
At this point, if the internal pressure of the gas bubble has been cor- 
rectly fixed, a small amomt of the gas runs into the capillary limb of the 
.Hempel pipette under its own pressure. The rest of the gas, followed 
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by the blood solution, is forced up into the Hempel pipette by admitting 
mercury slowly from the leveling bulb into the extraction chamber. 
As soon as the blood solution has passed slightly beyond the stop-cock 
a, the flow of mercury from the leveling bulb is stopped. Then cock a 
is turned in a clockwise direction to the closed position shown in figure 
48, position a, and the Hempel pipette is withdrawn. In order to 
minimize the contamination of the absorbent by the blood solution, 
which precipitates in the pyrogallate and may even serve to trap gas, 
it is important to allow as little blood solution as possible to pass into 
the capillary limb r. 

The free arm Z is cleared of blood solution by the admission of mercury 
from cup c, and the capillary r, by continued turning of a in a clockwise 
direction, is likewise cleared of blood solution and gas. The pipette 
is set aside for the absorption of oxygen. Occasional gentle movement 
of the gas bubble to and fro, or in a horizontal rotatory manner accel- 
erates the absorption, which is complete in three to four minutes. The 
octyl alcohol present in the pipette serves to prevent the gas from 
breaking up into small bubbles, and to increase the ease with which 
the bubble can be returned to the chamber. 

Replacement of blood solution by air-free water in the ex- 
traction chamber. In the meanwhile the blood solution is removed 
from the chamber, which is then cleaned by alternate rinsing with 
dilute alkali and In sulphuric acid, followed by water. (Hyposulfite 
added to the alkali helps dissolve the methemoglobin particles.) Nine 
cubic centimeters of water are then measured from the cup into the 
chamber and rendered air-free by shaking in the evacuated chamber 
for two minutes. The extracted air is expelled, and 2 cc. of the water 
are run up into the cup k, 7 cc. remaining in the chamber. 

Transfer of CO and No from Hempel pipette to extraction 
chamber. One cubic centimeter of mercury is poured into the cup k, 
stop-cock a is turned counter clockwise, and the Hempel pipette is placed 
in position while mercury is flowing from cup c into cup k (figure 48, 
position b). Stop-cock a is then turned counter clockwise to the position 
shown in the main diagram of figure 48. The mercury leveling bulb is 
placed at its medium level, slightly lower than the chamber, and stop- 
cock b is opened. The stop-cock connecting leveling bulb and extraction 
chamber is carefully opened, and, by withdrawal of mercury from the 
bottom of the chamber, the gas bubble from the Hempel pipette followed 
by the drop of octyl alcohol is slowly drawn into the top of the chamber. 
The minimum possible amount of p3n:ogallate solution is allowed to flow 
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past the stop-cock a, which is then again turned back to the position 
indicated in figure 48, position b. The last portion of gas, with a slight 
amount of pyrogallate and some mercury from cup c is drawn into the 
chamber, which is then closed by the cock at its top. 

The water level is lowered slightly below, then allowed to come to 
rest at, either the 2.0-cc. or the O.S-cc. mark, accordmg to whether 
much or little gas is present. A reading p, is taken. 

Absorption of CO by Winkler* s solution. Six cubic centimeters 
of air-free Winkler’s reagent are placed in cup k. Of this, 5 cc. are 
slowly admitted into the chamber at slight negative pressure (leveling 
bulb as in figure 37). Because of the trace of pyrogallate which has 
followed the gas from the Hempel pipette mto the chamber, the introduc- 
tion of the first few drops of cuprous chloride solution causes a precipi- 
tate to form. This, however, upon further addition of the reagent, 
drops to the bottom of the liquid, leaving the top with a clear meniscus. 
The combination between CO and CuCl is a loose, reversible union. 
Consequently if after the absorption the CuCl solution were lowered in 
almost complete vacuum to the bottom of the chamber some of the 
absorbed CO would bubble out of the solution and return to the gas 
phase. The cuprous chloride is admitted slowly enough so that two 
minutes are taken. In this time absorption of carbon monoxide is 
complete. The surface of the solution is now lowered carefully to the 
original 0.5 or 2.0 cc. mark and the pressure p2 in the manometer is 
read. The reading may be checked once by lowering the solution in 
the chamber a few millimeters and bringing it back to the mark. If 
several check readings are attempted, however, a gradual rise in the 
observed pressures will be noted, because the absorbed CO begins 
to return to the gas phase. The lowest reading of such a series is the 
correct one. 

Some of the cuprous chloride may precipitate on the walls of the 
chamber. It is readily redissolved by a mixture of saturated NaCl and 
1 N H2SO4 solutions. 

Determination of c correction. Five cubic centimeters of water 
are extracted 1 minute in the apparatus to remove dissolved air, and the 
bubble of extracted air is ejected (for technique of ejection, see p. 279). 
The cock of the chamber is then sealed, and the meniscus of the water 
is lowered to the mark, either 0.5 or 2.0 cc., used in the CO determina- 
tion. The pressure p/ is read. Five cubic centimeters of air-free 
CuCl solution are then admitted and the reading pa' is taken. The c 
correction is 
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Calculation. The pressure Pea exerted by the CO gas at volume 2.0 or 
0.5 cc. is calculated as 

Pco Pi- P^.- c. 

Pco is multiplied by the factor in table 32 to obtain volume per cent of 
carbon monoxide in the blood. 

Determination of CO and O-i in 2-cc. blood samples 

The technique is the same as in the above analysis, with the following 
exceptions. 

Only 2 drops of octyl alcohol are required. The volume of acid 
ferricyanide solution extracted is 9 cc., of which 5 cc. are runup into the 
cup, and 1 cc. is returned to the chamber, so that the reacting mixture 
is 2 cc. of blood plus 5 cc. of ferricyanide solution. 

After the gases have been extracted, and before they are transferred 
to the Hempel pipette, the CO 2 is absorbed with 1 cc. of air-free NaOH 
in the manner described for oxygen analyses. Pressure pi is read 
on the manometer, with the gases O 2 , CO, and N 2 in the chamber 
at 2-cc. volume. 

The gases are then transferred to the Hempel pipette, where O 2 is 
absorbed. In the meantime the blood mixture in the chamber is 
replaced by an equal volume (7 cc.) of air-free water, as described above. 

The gases are returned to the chamber, and the pressure, p 2 is noted, 
with 2.0 cc. gas volume. 

^o„ = Pi - Pi - Co, 

pz is then read, with the gases at 0.5-cc. volume. 

The CO is then absorbed with cuprous chloride, as above described, 
and reading p4, with the gas (N 2 ) at 0.5 cc. volume, is taken. 

Pco = Pz — Pi — Cco. 

Co, is obtained by a blank analysis without blood carried as far as 
the p 2 reading. 

The value of cco is obtained as described for the preceding analysis. 

The calculations are made by means of the factors in table 30, 

Determination of CO- 2 , 0-2, and CO in 1 cc. of blood 

For this detemiination onlj' 1 cc. of blood is used, since 2 cc. would be 
likely to yield too much total gas to be measured in the apparatus. 
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The steps are the same as in the preceding analysis, except in the details 
indicated below. 

At the start 7.5 instead of 10 cc. of acid ferricyanide are placed in the 
chamber. The reaction mixture is 2.5 cc. of ferricyanide plus 1 cc. 
of blood. 

One pressure reading, pi, with 2.0 cc. gas volume is taken before the 
COn is absorbed with NaOH. 

The reading p 2 is taken at 2-cc. volume after absorption of CO 2 
by NaOH. 

The oxygen is then absorbed in the Hempel pipette, and the manome- 
ter reading pa is taken with the gases CO -f N 2 at 2.0 cc. volume, and 
3.5 cc. (instead of 7 cc.) of water in the chamber. The gas volume is 
then reduced to 0.5 cc. and reading pi is taken. 

The CO is absorbed with cuprous chloride, and ps is taken at 0.5 cc. 
volume. 


■^co. = Pj “ Po - “ = 2.0 cc.) 

Pq^ = Pj — Pj — Cq (at a — 2.0 cc.) 

^CO - Pi~ Ph~ ^co “ = 0.5 cc.). 

cco and are co„ determined as for the preceding analysis. 

To determine cco: one extracts 2.5 cc. of acid ferricyanide and 1 cc. 
of water (in place of blood) in the chamber. The extracted gases are 
ejected and, with the meniscus in the chamber at the 2-cc. mark, the 
manometer is read before and after adding 1 cc. of 1 n NaOH. The 
fall in the reading (about 1 mm.) produced by adding the NaOH is 
the ccoj correction. 

The calculations are performed with the factors in tables 28 and 30. 

HEMOGLOBIN BY THE OXYGEN CAPACITY METHOD WITH SATLTLYTION IN 
SEPARATE \TSSEL (VAN SLYKE AND NEILL (59)) 

The blood is saturated with air as described for the same determination 
with the volumetric apparatus on page 265. The oxygen content is deter- 
mined, as described above, and the oxygen bound by hemoglobin is esti- 
mated by substracting from the total O 2 0.5 volume per cent, or 0.22 milli- 
mol per liter, for the physically dissolved oxygen (see table 31). 

The relative advantages of this method, compared with those in which 
the blood is saturated with air or carbon monoxide in the chamber of the 
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gas apparatus, are the same mentioned on page 265. The procedure for 
gasometric hemoglobin determination at present most in favor in the writers’ 
laboratories when sufficient blood is available is to aerate 2 cc. of blood with 
a Stadie rotator (figure 34) in a 50-cc. centrifuge tube, and determine the 
Oo content in samples of 0.5 cc. When less than 2 cc. of blood is available 
one of the methods described below is used. 

HEMOGLOBIN BY OXYGEN C.APACITY METHOD WITH SATURATION IN THE 
CH AMB ER OP THE G.AS APPARATUS. SeNDROY (31a) 

When blood is diluted with water and hemolyzed the hemoglobin can not 
be completely oxygenated by saturation with air at ordinary pressure. 
HoAA'ever, if the blood is diluted with physiological saline solution the hemo- 
globin maintains its normal affinity for oxygen, and can be completely oxy- 
genated by aeration. This fact has been utilized by Sendroy in devising a 
technique in which blood is both aerated and analyzed in the chamber of 
the Van Slyke-Xeill apparatus. The correction for physically dissolved 
oxygen is quite large, but can be so accurately determined, or calculated 
from temperature and barometric pressure, that it introduces no significant 
error. 


Reagents 

Ferricyanide-saponin solution. (23 grams KsFe (CN)6 and 8 grams sapo- 
nin per 100 cc. solution). 

1 -Y sodium hydro.xide solution air-free. Described under “General rea- 
gents” on page 233-5. 

Sodium hydrosuljite solution, air-free. Described under “General rea- 
gents” on page 233-5. 

Isotonic sodium chloride solution (9 grams NaCl per liter solution). 

Procedure for blood sa?nple of 1 cc. 

Aeration of blood. Two and five tenths cubic centimeters of 0.9 
per cent NaCl are placed in the cup of the apparatus. Of this, 0.5 cc. 
is allowed to enter the chamber. One cubic centimeter of the blood 
sample is then delivered into the apparatus from a rubber-tipped pipette 
(fig. 29 or 30). The blood is completely washed in with the remaining 
2.0 cc. of the salt solution, and the mercury level in the chamber is 
lowered to the 50-cc. mark with the stop-cock of the chamber open to 
the air. 

The blood-salt solution mixture is shaken with air at atmospheric 
pressure for three minutes, at the rate of 350 to 400 oscillations per 
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minute. The mixture is then run up to within a few centimeters of the 
stop-cock. One drop of octyl alcohol is added and is mixed with the 
fluid in the chamber by shaking the chamber a few times by hand. 
The air is then ejected in the way described on page 279- 

Oxygen determination in aerated blood. In the manner shown 
in figure 52 (p. 344), 0.13 cc. of the ferricyanide reagent is added from a 
microburette to the blood mixture in the extraction chamber. The 
chamber is evacuated, the gases are liberated, and CO 2 and O 2 are 
absorbed in succession, as described on pages 284 and 322. 

Calculation 

\'olume per cent combined O2 in blood = {p\ — pz — c) "X. factor 

pi is the manometer reading after adding NaOH to absorb CO 2 . 
pz is the manometer reading after adding h\posuliite to absorb O 2 . 

The factor IS from table 30, p. 325 for “sample = 1 cc., S = 3.5 cc.” 
c is the pi — p 2 value obtained by readings before and after adding hypo- 
sullite in the blank analysis. The c correction includes the following four 
components; 1, the O 2 dissolved by the 2.5 cc. of salt solution; 2, the O 2 
in physical solution in the 1 cc. of blood; 3, a trace of O 2 added in solution 
in the 0.13 cc. of ferricyanide-saponin solution; 4, the fall (of about 1 mm.) 
of the mercury level in the chamber caused by adding 1 cc. volume of fluid 
with the h}’posulfite. 

The c correction can be determined by blank analysis in which 0.85 cc. 
of 0.9 per cent salt solution replaces the 1 cc. of blood. The blank analysis 
is done with 3.35 cc. of 0.9 per cent NaCl solution in place of 2.50 cc. of 
XaCl solution plus 1 cc. of blood. The assumption made by Van Slyke and 
Xeill (59) is followed, that the 0.85 cc. of saline solution when aerated takes 
up in physical solution the same volume of O 2 as 1 cc. of blood. This as- 
sumption, if not absolutely exact, introduces no significant error, for oxygen 
capacities calculated with this correction have been found to agree closely 
with carbon mono.xide capacities (31a, 56) by the method described below. 
The physically dissolved O 2 in the blood plus salt solution makes the greater 
part of the c correction, and varies significantly with temperature and baro- 
metric pressure, which influence the amount of oxygen dissolved when the 
blood-saline mixture is aerated. Hence if the empirically determined c 
correction is used, it must be redetermined with each set of analyses. 

c correction calculated by nomogram. However, it is not necessary thus to 
redetermine the c correction. The physically dissolved O 2 in the aerated 
saline blood mixture (sum of components 1 and 2 enumerated above) is the 
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only part of the correction that varies measurably, and it can be accurately 
estimated from the solubility of oxygen in 0.9 per cent NaCl solution at the 
observed temperature and barometric pressure. The pressures exerted 



CC. CC. CC. 

Sample Sample 


Fro, 49. Line chart to estimate correction for physically dissolved O 2 in Sendroy’s 
method for hemoglobin determination by O 2 capacity. From Sendroy (31a). 

at 2.0 and 0.5 cc. by the dissolved O 2 extracted from 3.5 cc. of air saturated 
0,9 per cent salt solution are indicated by the line chart in figure 49, A 
straight line drawn across the temperature and barometer scales cuts the 
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centra! scale at a point indicating the pressure. To the pressure correction 
for dissolved oxygen thus obtained one adds a small constant correction for 
components 3 and 4 enumerated above, to obtain the total c correction. 
The correction for components 3 and 4 is obtained by a blank analysis in 
which 3.5 cc. of saline solution, in place of being shaken with air, are first 
extracted in the evacuated chamber to remove dissolved oxygen. The ex- 
tracted air is ejected from the chamber (for technique see p. 279). The 0.13 
cc. of ferricyanide is then added and the analysis is carried through as de- 
scribed above. The fall in pressure caused by addition of the hx-posulfite is 
added to the correction for dissolved oxygen taken from figure 49 to obtain 
the total c correction. For a given apparatus the fall in pressure caused by 
addition of h\-posulfite is constant. Consequently, the blank analysis de- 
scribed in this paragraph need be done onh" once. The c correction is thus 
obtained by adding a from the nomogram to h, the constant obtained bj^ 
blank analysis. The value of h is about 2.5 mm. when measured with 0.5 
cc. gas space in the chamber. 

Procedure for blood samples of 0.2 or 0.5 cc. 

One cubic centimeter of 0.9 per cent salt solution is placed in a small 
test tube of about 2 cc. capacity, or in the cup of the apparatus. The 
blood is drawn into a pipette calibrated to contain, and is then delivered 
under the saline solution. The pipette is rinsed by drawing salt solution 
into it. The mixture of blood and salt solution is then run into the 
chamber of the apparatus. The cup (and the test tube, if one is used) 
is washed with saline solution, a few drops at a time, until the total 
volume of fluid in the chamber reaches down to the 2-cc. mark. Any 
saline solution left in the cup is removed. The blood mixture is then 
aerated m the chamber and analyzed for O 2 , as described above for l-cc. 
samples. To free the oxygen 0.07 cc. of ferricyanide-saponin solution 
is used, and for absorption of CO 2 and O 2 , portions of 0.5 cc. of 1 n 
alkali and hyposulfite suffice. The c correction is determined as for 
l-cc. samples, except for the difference in amounts of material used. 

Calcidation is as described above for l-cc. samples, except that the factors 
and correction for 0.2 or 0.5 cc. are used. 

HEMOGLOBIN BY THE C.ARBON MONOXIDE CAPACITY METHOD. VAN SLYKE 

AND inLLER (56) 

This method is based on the capacity of hemoglobin to combine with 
the same maximum volume of CO as of O 2 . The blood sample, which may- 
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vary from 0.1 to 2.0 cc., is saturated with CO in the 50-cc. chamber of the 
manometric blood gas apparatus. For this purpose approximately 2 cc. of 
carbon monoxide gas are introduced with the blood, the mercury is lowered 
to the 50-cc. mark, and the chamber is shaken. The carbon monoxide ten- 
sion of approximately 25 mm. is sufficient to change the hemoglobin quanti- 
tatively to HbCO, while O 2 and N 2 are at the same time completely ex- 
tracted from the blood. The gases are ejected, and the HbCO is deter- 
mined by measurement of the CO set free by acid ferricyanide solution. 

The correction for physically dissolved O 2 is eliminated by this procedure. 
The substituted correction for physically dissolved CO is only 0.3 volume 
per cent, and variations in it are negligible so that it need be determined 
only once. With as little as 0.2 cc. of blood one can measure the CO binding 
capacity within ±0.2 volume per cent, equivalent to 1 per cent of the 
amount of hemoglobin normal!}' present. 

Compared with the oxygen capacity, the carbon monoxide method has the 
advantages that it obxdates the use of hyposulfite absorbent, and likewise the 
correction for dissolved oxygen. Also, if the blood contains any CO com- 
bined with its hemoglobin as drawn, such CO causes no error in the CO 
capacity method, w’hereas it would cause low results by the O 2 capacity 
methods. The relative disadvantage of the carbon monoxide method is 
that it requires the use of an extra reagent, the CO gas. 

Reagents 

Special acid ferricyanide solution. To 92 volumes of stock solution con- 
taining 32 grams of K^Fe (CNle per 100 cc. are added 8 volumes of concen- 
trated lactic acid, of specific gravity 1.2. This concentrated acidified solu- 
tion undergoes very slow' decomposition, but can be used for 2 months. 

.4 ir-free 1 y sodium hydro.xide solution. Already described under “General 
reagents.” 

Approximately 5 .v sodium hydro.xide. Described under “General rea- 
gents” in this chapter. 

Carbon mo?io.vide gas. This is prepared by warming a mixture of anhy- 
drous formic and sulfuric acids. According to the reaction, HCOOH = 
CO ± H 2 O, each cubic centimeter of formic acid yields about 500 cc. of CO. 
In figure 51 is shown a simple arrangement for preparing and storing 3 liters 
of the gas, enough for 1500 analyses. The two 5-liter aspirator bottles are 
connected by a rubber tube, the bore of which should be as wide as 15 mm. in 
order to assure a flow of water sufficiently free to prevent the development 
of back pressure during generation of the CO. Before the latter process is 
begun the bottle A is filled completely with water. Sulfuric acid is dropped 
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slowly into the formic acid in the tube, which is gently warmed with a micro 
burner. When about 300 cc. of mixed air and CO from the test-tube have 
collected in A the gases are ejected by opening the outlet cock of A and rais- 
ing B. Then the rest of the sulfuric acid is run slowly into the formic acid, 
and the reaction is continued until the CO from all the formic acid has been 
collected in *4. The rubber tube connecting the test-tube with A is then 
closed with a screw clamp close to the glass inlet tube of A , and the test-tube 
is disconnected from .4. Because of the toxicity of CO the above operation 
should be carried oid in a hood or %'here there is a free draft of air. 



Fig. 50. Introduction of CO into manometric chamber in hemoglobin determination 
by carbon monoxide capacity method. From Van Slyke and Hiller (56). (For construc- 
tion of the Hempel pipette, see figure 11 of chapter III.) 

Procedure for analysis of 2 cc. blood sa^nples 

Measurement of blood sample into apparatus. One drop of 
caprylic alcohol is drawn into the capillary beneath the cup of the mano- 
metric apparatus. (This capillary should be of only l-nun. bore-.) 
Into the cup are measured 4.75 cc. of water. With a pipette, provided 
with a rubber tip (see figure 29 or 30), 2 cc. of blood are run directly 
into the chamber, followed by the 4.75 cc. of water. 




Fig. 51. Apparatus for preparation and |storage of carbon monoxide. From Van 
Slyke and Hiller (56). 



Fig. S2. Transfer of solution sample through mercury seal to chamber of blood gas 
apparatus. When the pipette or burette tip is withdrawn a droplet of solution floats 
up on the mercury and is lost, but the amount is only 0.005 to 0.01 cc. From Van 
Slyke (48). 
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Measurement of CO into chamber of apparatus. Approxi- 
mately 2 cc. of COj measured at atmospheric pressure, are required. 
This amount provides 0.50 cc. to combine vsrith the maximum amount of 
hemoglobin ordinarily found in human blood, and leaves an excess of 
1.5 cc., which is sufficient, when extended to 43 cc. of volume during the 
equilibration, to leave a CO pressure of about 25 mm. and insure quan- 
titative change of Hb to HbCO. The exact amount of CO may vary 
from 2 cc. to 3 cc. if it is accurately duplicated in the blank analyses in 
which the correction for physically dissolved gases is determined. Any 
convenient device may be used for measuring the CO. The following 
has been found satisfactory. 

One or 2 cc. of mercury are placed in the cup above the chamber. 
The outlet capillary of the Hempel pipette is filled with mercury. The 
tip of the Hempel pipette is then fitted into the bottom of the cup, as 
shown in figure 50. The two cocks shown in the figure are now turned 
so that the CO gas can flow from the Hempel pipette into the chamber 
of the Van Slyke-Neill apparatus. The flow is regulated, not by either 
of the cocks shown, but by the cock leading to the mercury leveling 
bulb of the manometric apparatus. With the leveling bulb in the mid- 
position shown in figure 37 this cock is opened slowly, and mercury is 
withdrawn from the chamber until CO gas has entered it as far as the 
2-cc. mark. The gas is thus measured imder a pressure indicated by 
the difference in height between the water columns in the two bulbs of 
the Hempel pipette. This difference may vary from about 10 cm. of 
water when the pipette is full of gas to 0 cm. when it is nearly empty. 
Such variation, however, amounts to only 0.01 of an atmosphere, which 
is negligible. 

Equilibration of blood solution with CO. Both blood solution 
and CO gas having been measured into the chamber, the cock of the latter 
is closed and is sealed with a drop of mercury, and the chamber is 
evacuated. With the mercury meniscus at the 50-cc. mark, the cham- 
ber is shaken imtil equilibrium is reached. The time required varies 
somewhat with the speed of the motor. The necessary time is found 
by equilibratuig for different periods in the blank analyses described 
below, and finding how long one must shake the chamber m order to 
reduce the blank to a nimimum. Ordinarily this time is one minute. 
Equilibration being completed, the mixture of free gases, composed of 
all the O 2 and Ha, and part of the CO 2 from the blood, together with 
the excess CO, is ejected from the chamber. (See section on “Ejection 
of gas without loss of solution” on page 279.) 
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Determination of CO hound as HhCO. After ejection of the free 
gases the chamber is evacuated until the blood solution is in the lower 
fourth, in order to keep the calibrated upper portion clean when the 
acid ferricyanide to be added precipitates methemoglobin. About 1 cc. 
of mercury and 2 or 3 cc. of water are placed in the cup. Through the 
mercury seal 0.25 cc. of the acid ferricyanide solution is added from a 
micro burette graduated into 0.01-cc. divisions, and provided with a 
rubber-tipped delivery capillary, as shown in figure 52. Before the tip 
of the burette is inserted into the mercury it is moved through the 
supernatant layer of water, which dislodges any adherent ferricyanide 
crystals or air bubbles. 

After addition of the ferricyanide only enough mercury is admitted 
into the capillary beneath the cup to fill that capillary and the bore of the 
cock. It is preferable to have no mercury globules run down into the 
chamber at this time, because they are likely to adhere to the film of 
ferricyanide on the walls of the upper 2 cc. of space, which it is desirable 
to keep free and clean for subsequent gas measurement. 

To extract the CO set free from HbCO by action of the ferricyanide, 
the mercury in the chamber is lowered to the 50-cc. mark, and the cham- 
ber is shaken for about five seconds slowly, to avoid too rapid foamiug, 
then vigorously for three minutes. 

Mercury is now admitted from the leveling bulb into the chambei 
until the gas space above the solution is reduced to 5 or 6 cc., and the 
CO 2 in the gas phase is absorbed with 1 cc. of air-free 1 n NaOH in 
the manner described for CO 2 determinations. 

The volume of the remaining gas, CO, with a slight trace of air 
introduced with the ferricyanide, is brought to 2 cc. and the pressure 
observed on the manometer is recorded as pi. The gas is ejected 
without loss of solution (see page 279). The stop-cock of the chamber 
is again sealed with a drop of mercury and the fluid meniscus is lowered 
to the 2-cc. mark. The manometer reading now observed, with the 
chamber gas-free, is recorded as pa. 

Calculation 

The hemoglobin content of the blood in terms of CO or O 2 binding capac- 
ity is calculated b}' the equation 

CO or O2 capacity = (p, — — c) 

/is a factor from table 30 and c is a correction, determined by blank analysis, 
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for the slight amounts of CO physically dissolved by the equilibrated blood 
solution, and of air admitted in solution in the 0.25 cc. of ferricyanide. 

The value of c is determined by a blank analysis in which the pro- 
cedure described above is repeated in every detail, except that 2 cc. of 
water are substituted for the 2 cc. of blood. The correction c is cal- 
culated as 

c = pj - p„ 

With a temperature of 20° to 25° and barometric pressure of 740 to 780 
mm., the value of c is about 4.0 mm., of which 1.4 mm. are due to air ad- 
mitted in the ferricyanide and 2.6 mm. to CO physically dissolved by the 
equilibrated blood solution. 

The cleaning of the chamber, after each analysis, is performed by rinsing 
with three successive portions of water, as described on page 236, To the 
first water portion a few drops of alkaline h\q) 0 sulfite solution are added to 
dissolve particles of methemoglobin adherent to the walls of the chamber. 

Procedure for analysis of 1-cc. blood samples 

The procedure is the same as when 2 cc. of blood are used, except 
that 2.5 cc. of water are taken instead of 4.75 cc., 0.13 cc. of the acid 
ferricyanide solution is used to liberate the CO, and 0.5 cc. of air-free 
lx sodium hydroxide is used to absorb the CO 2 . The amount of CO 
added is the same, 2 cc. measured at atmospheric pressure. The c 
correction must be determined with these amounts of reagents. With 
blood of less than ordinary hemoglobin content, more exact results 
will be obtained by using the 0.5 cc. mark for the gas reading. 

Procediire for analysis of 0.1, 0.2, or 0.5-cc. blood samples 

The blood is drawn into a capillary pipette calibrated to contain either 
0.1 or, preferably, 0.2 cc. 

If the blood sample is drawn outside the laboratory, the pipette is 
delivered into a small test-tube of about 2-cc. capacity, containing 
0.5 cc. of water for a 0.1-cc. blood sample, 1.0 cc. of water for 0.2-cc. 
or 0.5 cc. The pipette is rinsed twice by drawing up into it the super- 
natant water. The blood and water in the tube are then mixed with a 
fine rod or wire. 

Before the sample thus diluted is transferred to the Van Slyke-Neill 
apparatus a drop of caprylic alcohol is drawn into the capillary below 
the cup of the apparatus. The blood solution from the test-tube is 
transferred to the cup and thence, with the drop of caprylic alcohol. 
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down into the chamber. The test-tube and cup are washed with 
repeated water portions of 4 or 5 drops each, until the volume of solution 
inside the chamber extends to the 2 cc. mark. 

In the same m ann er described above for analysis of 2-cc. blood 
samples, 2 cc. of CO gas are added and equilibrated with the blood 
solution. 

Of the ferricyanide solution only 0.07 cc. is added. It is run in while 
the blood solution is still in the top of the chamber, and is followed by 
several drops of mercury, which break up the methemoglobin precipi- 
tate into fine particles. 

The chamber is evacuated and shaken three minutes. The fluid 
is permitted to rise as near to the cock at the top of the chamber as it 
will with the leveling bulb at the mid-position (fig. 37). Three or 4 
drops of S X sodium hydroxide are run into the chamber, followed by a 
few drops of mercury. The alkali absorbs the CO 2 gas, and, mixed 
by the falling mercury with the dilute blood solution, dissolves the 
suspended methemoglobin particles. The aqueous meniscus is lowered 
below the O.S cc. mark and then brought slowly up to it. 

After the pi reading is taken, the gas is ejected, the cock is sealed 
with mercury, the meniscus is again lowered to the 0.5 cc. mark, and 
po is read on the manometer. 

The correction, c, is determined by repeating the analysis without 
addition of blood. 

The calculation factors for 0.2 and 0,5-cc. samples are given in table 30, 
WTien a 0.1-cc. sample is used the factor for 0.2 cc. is multiplied by 2, 


STANDARDIZATION OF STANDARD SOLUTIONS FOR PALMER HEMOGLOBIN 
METHOD. (van SLYKE AND HILLER (56a)) 

The Palmer method for colorimetric determination of hemoglobin after it 
is transformed into HbCO is described in chapter 20. The stock standard 
solution, which is made b^' approximately 5-fold dilution of blood of normal 
hemoglobin content, must be saturated with pure carbon monoxide gas 
instead of illuminating gas if it is to be standardized by the method here 
described. 


* Reagents 

The reagents are the same as those described for the above carbon monox- 
ide capacity method with the exception of the acid ferricyanide solution. 
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This is made by mixing 92 volumes of a solution containing 32 grams of 
KsFei'CX)^ per 100 cc. with 52 volumes of concentrated lactic acid of specific 
gravity 1.2. Although slow decomposition takes place, such a solution not 
e.xposed to direct sunlight can be used for two months. 

Procedure 

Two drops of caprylic alcohol are drawn into the capillary beneath 
the cup of the manometric apparatus. In the cup is placed about 1 cc. 
of mercury. With a stop-cock pipette provided with a rubber tip 
(fig. 52), 10 cc. of the Palmer hemoglobin standard are run into the 
chamber under the merciuy. Through the same mercury seal 2 cc. of 
CO are added as described in the carbon monoxide capacity method. 
The procedure continues as described above for that method, except 
that 0.36 cc. of the present acid ferricyanide reagent is used to liberate 
the CO bound as HbCO, and 1.5 cc. of air-free 1 x NaOH are used to 
absorb the COo. The absorption of CO 2 takes somewhat longer, hence 
it is important to note the fall of mercury in the manometer. When the 
mercury ceases falling, agitate the chamber slightly with the hand. If 
no further change occurs in the manometer meniscus the absorption 
is completed. 

The c correction is established by carrying out the procedure in the 
same manner, except that 10 cc. of an aqueous solution containing 4 cc. 
of strong ammonia per liter are substituted for the hemoglobin standard. 
This correction is ordinarily about 7 or 8 mm. Each analyst should 
establish his own c correction repeatedly. 

Calculation is the same as that for the carbon monoxide capacity method 
for 2-cc. blood samples. 

METHEMOGLOBIN. VAN SLYBE AND HILLER (57) 

The principle of the method was first employed by Nicloux and Fontes 
(24). Two determinations are required. In one (.4) the normal or active 
form of hemoglobin, capable of binding O 2 and CO, is determined by measur- 
ing the CO-binding capacity of the hemoglobin-niethemoglobin mixture. 
In the other (fB) sodium hyposulfite is added, changing methenioglobin into 
active reduced hemoglobin, and the total hemo^obin is determined by the 
CO-binding capacity. The di^erence, B-A, mdicates the niethemoglobin. 
The technique for the CO capacity determinations is that described above. 
All the operations, reduction with hyposulfite, saturation with CO, and de- 
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termination of CO bound by hemoglobin, are carried out in the chamber of 
the manometric apparatus. 

In determining the carbon monoxide capacity in blood reduced by hypo- 
sulfite, the only modification necessary to the carbon monoxide capacity 
procedure for hemoglobin determination is the use of higher CO tensions to 
saturate the hemoglobin. The presence of hyposulfite and ammonia ap- 
pears to lower somewhat the aflinity of reduced hemoglobin for CO, so that 
100 mm. tension of the latter, instead of only 25, are required to insure com- 
plete conversion of the hemoglobin to carboxyhemoglobin. To insure a 
suflicient excess of CO, an initial tension of 150 mm. is used. 

Reagents 

Xidoux's ammoniacal sodinm hyposulfite solution. In a 100 cc. beaker 
place 2 grams of pulverized sodium hj’posulfite, N a 2 S 204 . In another beaker 
mix 50 cc. of water and 1 cc. of concentrated ammonia solution. Pour the 
diluted ammonia solution over the hyqjosulfite and cover the mixture at 
once with a layer of paraffin oil about 1 cm. deep, to prevent oxidation by 
air. Dissolve the ffi’posulfite by stirring for a few seconds with a rod. 
Commercial h\posulfite usually contains some insoluble impurity; conse- 
quently to attempt to stir until complete solution is attained is useless, and 
would cause oxidation of part of the hyposulfite. 

The carbon monoxide gas, 1 .v air-free sodnim hydroxide, and 5 x sodium 
hydroxide are prepared and handled as in the carbon monoxide capacity 
method described above. 

The acid f err icy anide solution for use with the blood portion to which am- 
monia and hyposulfite have been added, is prepared as follows, with more 
acid than for the CO capacity'- method. To 92 volumes of a stock solution 
containing 32 grams of ICaFe (CN)6per 100 cc. are added 20 volumes of con- 
centrated lactic acid, of specific gravity 1.2. The ferricyanide in this 
acidified solution undergoes slow decomposition, but if kept out of direct 
sunlight can be used for about 2 months. 

Procedure 

Determination of active hemoglobin. The carbon monoxide 
capacity method previously described is used without change. 

Determination of total hemoglobin. For 2 cc. of blood. Two 
drops of caprylic alcohol are drawn into the capillary beneath the cup of 
the ma n ometric apparatus. Into the cup are measured 4.3 cc. of water. 
With a pipette provided with a rubber tip (see figure 29 or 30) 2 cc. of 
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blood are run directly into the chamber, followed by a few drops of the 
water in the cup to wash the blood through the capillary. From a micro- 
burette 0.4 cc. of the ammoniacal sodium h 5 ^osulfite solution is run 
into the chamber, by the technique shown in figure 30, and is followed 
by the remaining water in the cup. One or 2 cc. of mercury are placed 
in the cup. 

Carbon monoxide sufficient to give 150 mm. of pressure is measured 
into the chamber from a modified Hempel pipette by the following 
procedure described on page 111 for “Admission of sample estimated 
by pressure.” 

The equilibration of the blood solution with CO is carried out as 
described in the carbon monoxide capacity method except that a little 
more time seems necessary, about one and one-half minutes instead 
of one minute. 

The determination of CO bound as HhCO is also carried out 
in all details, including the c correction, as described in the carbon 
monoxide capacity method, except that 0.3 cc. instead of 0.25 cc. of 
acid ferricyanide solution is added. The value of c in the present 
procedure is somewhat greater than in the carbon monoxide capacity 
method because of the greater amount of CO physically dissolved by 
the blood solution at the higher CO pressure used for saturation. The 
value of c foimd by Van Slyke and Hiller (57) with a temperature of 
20-25° and the gas at 2 cc. volume was about 14 mm. Each analyst 
should, however, determine it for himself. 

The cleaning of the chamber after each analysis is more important 
in this case than in the simple carbon monoxide capacity determination, 
because in the present procedure any particle of methemoglobin pre- 
cipitate left adhering to the walls of the chamber will be reduced in the 
next determination to active hemoglobin by hyposulfite, and added to 
the total hemoglobin found. A little of the hyposulfite solution added 
to the first portion of water used to clean the apparatus assists in dis- 
solving such particles quickly. 

For 1-cc. blood samples. The procedure is the same as that used 
for 2-cc. samples except that half as great a volume of each reagent is 
used for 1 cc. of blood as for 2 cc. The pressure of CO used is the 
same, 150 mm . 

Micro determination of total hemoglobin with 0.1 -cc. or 
0.2-cc. blood samples. The procedure for measuring the blood 
and transferring it to the chamber of the apparatus is the same as that 
described in the carbon monoxide capacity method except that 0.05 cc. of 
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the ammoniacal sodium hyposulfite solution is run into the chamber of 
the apparatus before the final washing of the cup, so that this volume 
of fluid is part of the total 2 cc. measured into the chamber. Carbon 
monoxide to 150 mm. pressure is admitted into the evacuated chamber 
in the same manner described above. Of the acid ferricyanide solu- 
tion only 0.05 cc. is added. It is run in while the blood solution is still 
in the top of the chamber and is followed by several drops of mercury 
which break up the methemoglobin precipitate into fine particles. The 
procedure is continued as described in the carbon monoxide capacity 
method. 

The c correction for the micro method is somewhat over 20 mm. It 
must be redetermined with each set of micro analyses. 


Calculation of methemoglobin 

The calculations for total hemoglobin are the same as those described for 
the carbon monoxide capacity method. 

CO capacity = (pi ~ pi — c)f 

Calculation factors are found in table 30. 

(Methemoglobin) = (total hemoglobin) — (active hemoglobin) 


GASES IN BLOOD CONTAINING ETHER. AUSTIN (2) 

When blood contains ether in amounts (100 to 180 mg. per 100 cc.) re- 
quired to produce deep anesthesia, ordinary procedures for the determina- 
tion of blood gases are invalidated, because considerable amounts of ether 
vapor become mixed with the extracted gases. Furthermore, Austin (2) 
found that alkali added to absorb CO 2 also absorbs part of the ether. Con- 
sequently, CO 2 determinations by the ordinary technique applied to the 
blood of etherized subjects may give results 10 to 15 volumes per cent in 
excess of the true values. 

However, Austin has shown that correct CO 2 values can be obtained if, 
after absorption of CO 2 , the alkaline blood solution is again extracted in 
vacuo so that the ether absorbed by the added alkali solution is partly re- 
turned to the gas phase. The following technique is employed. 

The blood is acidified with lactic acid and extracted in the usual 
manner in the chamber of the manometric apparatus. The manometer 
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reading pi is taken and the extraction is repeated. If increases, 
extraction is again repeated. 

The CO 2 is then absorbed with alkali and po is read as usual. The 
mercury in the chamber is then dropped again to the 50-cc. mark and 
the chamber is shaken for three minutes. The gas volume is then 
reduced to 2 cc. and pa is read on the manometer. The extraction and 
reading are repeated m order to make sure that a constant ps has been 
reached. The CO 2 content is then calculated as: 


[CO;] = [pj - P, + k (Pj - P„)] X f 

[CO 2 ] = CO 2 content of the blood; / is the factor from table 28 for 
calculating CO 2 content. The value of k is determined empirically by 
mixing with a standard sodium carbonate solution proportions of ether, 
such as 1 or 2 mg. per cubic centimeter, of the order of magnitude en- 
countered in the blood analyzed. The carbonate solution is then ana- 
lyzed in the special manner above indicated, and the value of k is 
calculated by the above equation rearranged into the form ; 

[CO2] - /(pj - P3) 
fiP, - P.) 

In this case [CO 2 ] is known from the NaoCOg content of the standard 
carbonate solution. 

In Austin’s analyses the volume of acidified solution extracted was 
2.5, cc. (instead of the 3.5 cc. now extracted when 1 cc. of blood is 
analyzed), and the CO 2 was absorbed with 1 cc. of n sodium hydrox- 
ide. Under these conditions, and at temperatures in the neighborhood 
of 25°, the value of k was 0.13. Analysts who use Austin’s method 
of correction, should, however, determine k for themselves for the 
conditions under which their analyses are made. 

Thus far no one has devised a technique for determining the Oo 
content of blood containing ether, although it could presumably be 
done by a procedure similar to that of Austin for CO 2 . 

jManometric Analyses Other Than Blood Gas Determinations 

MECRO-KJELDAHL DETERMINATION OE NITROGEN. VAN SLYRE (47) 

Principle 

The ammonia in the Eljeldahl digest is estimated gasometrically by treat- 
ment with h}qDobromite in the manometric apparatus of Van Slyke and Neill. 
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The pressure of 1 mg. of nitrogen measured at 2-cc. volume in the apparatus 
is about 300 mm. so that accurate readings are easy: duplicate results usu- 
ally check to within 1 per cent. 

The nitrogen gas evolved by the reaction with hypobromite, 

2 NHs -i- 3 XaBrO = 3 HoO + 3 NaBr + Na 

falls somewhat short of that calculated by the above equation, but the per- 
centage of the theoretical yield is so constant under defined conditions of 
h\p)obroraite and alkali concentration that, with the introduction of an 
empirical correction factor, the error due to variability in this reaction may, 
without special precautions, be kept -within 0.5 per cent of the ammonia 
determined. 

The only difficulty in devising an accurate microgasometric technique 
was encountered in finding a satisfactory general catalyzer for the digestion 
which would not prevent subsequent reaction of the ammonia with h>q)o- 
bromite, nor cause formation of gases other than the nitrogen evolved from 
the ammonia. Various catalysts and oxidizers previously employed for 
Kjeldahl determinations were tested. Copper salts were found by Stehle 
(39) to react with h>'pobromite and evolve oxygen gas. Mercury forms a 
combination w'ith ammonia which resists the action of hypobromite (47). 
Perchloric acid if used in excess destroyed part of the ammonia during the 
digestion. Hydrogen peroxide gave inconstant results. However, when 
potassium persulfate in great excess as used by Wong (67) was tried, satis- 
factory results were obtained with regularity. The digestion even of protein 
material is completed in a few minutes, and with less resistant material such 
as urine or blood filtrates oxidation is completed so quickly that the dark 
color of carbon does not even appear. Furthermore, persulfate does not 
destroy any ammonia. Unnecessary prolongation of the digestion conse- 
quently does not injure the results, pro-vided, of course, the overheating is 
not carried to the extreme of volatilizing ammonium sulfate. 

About the only point that requires especial consideration when persulfate 
is used is the water content of the digest at the time the persulfate is added. 
If the material to be analyzed is dissolved in several cubic centimeters of 
water per cubic centimeter of acid used, and sulfuric acid and persulfate are 
both added before the water is boiled off, all of the persulfate will decompose 
during the subsequent boiling down and before the solution has become 
concentrated enough for digestion to occur. Results will accordingly be low 
because of lack of oxidizing agent during the actual digestion. This was 
pointed out by Wong (67). On the other hand, if the sulfuric acid solution 
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is boiled down till SO3 fumes come off, and then dry persulfate is added, the 
latter will not be completely decomposed during the digestion and will evolve 
appreciable amounts of oxygen when treated with hypobromite. The mix- 
ture of ordinary concentrated sulfuric acid and syrupy phosphoric acid, 3:1, 
which was finally adopted, appears to have enough moisture in it to act 
with the persulfate on a dry substance; and 1 cc. of water is not too much. 
The procedure adopted for samples dissolved in more than 1 cc. of water is 
accordingly to boil them down with 1 cc. of the acid mixture till fumes 
begin to come off, and to add 1 gram of persulfate, wdth 1 cc. of water, to the 
cooled residue, before finishing the digestion. 

The use of phosphoric acid in the digest is not necessary, but it accelerates 
the digestion. 0.1 cc. of blood serum digested with 1 cc. of sulfuric acid and 
1 gram of persulfate requires about fifteen minutes to clear. If a mixture of 
1 part phosphoric to 3 parts of sulfuric acid is used, instead of sulfuric alone, 
five minutes sulfice. A larger proportion of phosphoric acid is likely to 
attack the glass tubes. 

The h}'pobromite solution used was an object of considerable experiment. 
Various concentrations of bromine in various concentrations of alkali have 
been used in the past. All of them form o.xygen while standing. Stehle’s 
solution (39), containing per 100 cc. 2.5 grams of Br, 2.5 grams of KBr, and 
5.3 grams of NaOH, was found to form o.xygen several times as fast as solu- 
tions of bromine in more concentrated NaOH without bromide. The solu- 
tion finally adopted, 1 cc. of bromine to 50 cc. of 40 per cent sodium hydro.x- 
ide, generates o.xygen so slowly that the amount formed in an hour in 1 cc. 
of the solution (the amount used for an analysis) exerts at 2 cc. volume only 
about 0.3 mm. pressure. The presence of 40 grams of NaOH per 100 cc. 
reduces the solubility of air in the solution to so nearly zero that it is not 
necessary to extract the air before the solution is used, the slight trace of air 
present being included in the blank for the reagents. The amount of bro- 
mine present in 1 cc. of this solution is sufficient to decompose in one minute 
the maximum amount of ammonia for which the method is designed, and 
it is not enough to cause trouble by the rate of its attack on the mercury 
in the gas apparatus. 


Reagents 


Sulfuric-phosphoric acid mixture. Three volumes of concentrated sul- 
furic acid are mixed wdth 1 volume of syrupy phosphoric acid (specific grav- 
ity 1.7). 
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Potassium persulfate containing less than 0.01 mg. of ammonia nitrogen 
per gram.® 

Forty per cent sodium hydroxide. Fort}^ grams of NaOH per 100 cc. of 
solution, ammonia-free. 

Sodium hypobromite solution. To 50 cc. of the 40 per cent NaOH in a 
250-cc. flask add, under a hood, 1 cc. of bromine, and stir until the bromine 
is completely dissolved. Gaseous oxygen forms very slowly in this solution. 
In order to prevent even slight accumulation, however, the hypobromite is 
aerated by whirling it about the walls of the flask for a few seconds each time 
before a portion is used for analysis. The hypobromite solution is made 
fresh on the same half day in which it is used. 

Procedure 

Digestion, In a 200 by 25 mm. test-tube of Pyrex glass or silica 
place the sample to be analyzed, containing preferably 0.3 to l.S mg. 
of nitrogen, 1 cc. of the sulfuric-phosphoric acid mixture, and a glass 
bead to prevent bumping. If the volume of water added with the sample 
is 1 cc. or less, 1 gram of potassium persulfate is added at once. If a 
larger volume of water is present, however, it is first boiled down till 
white fumes appear, the mixture is cooled and 1 gram of persulfate is 
then added, together with 1 cc. of water. Heating is continued until 
the mixture has become entirely clear, or after white fumes appear in 
the case of substances which oxidize so readily that the digest is clear 
throughout the period of heating. A micro burner is used, and during 
the final heating somewhat less heat is used than in the ordinary micro- 
Kjeldahl-Gunning digestion. The tip of the burner should just touch 
the bottom of the test-tube. An unnecessary intensity or prolongation 
of the heating may cause bumping, or corrosion of the test-tube by 

* Piirif cation of potassium persulfate. Ordinary commercial KSS 2 O 3 contains much 
ammonia. It may be purified as follows. The persulfate is dissolved in 10-fold its weight 
of water previously warmed to 60° to 70°. The solution, made strongly alkaline to lit- 
mus by addition of 40 per cent NaOH, is transferred to a vacuum distilling apparatus, and 
distilled under a pressure of less than 40 mm. \^0ien about one-third of the solution has 
been distilled off, it is replaced by an equal volume of water at 60° to 70°, more alkali is 
added if necessaiy- to restore alkalinity to the solution, and the distillation is continued 
until the distillate tested by Nessler’s reagent is ammonia-free. The addition of warm 
water and alkali may have to be repeated again before all the ammonia is removed. When 
ammonia has been completely removed, the persulfate solution is poured into a beaker 
and let stand overnight, preferably in an ice box, to crystallize. The crystals are washed 
with cold water on a Buchner funnel, and dried over sulfuric acid in a vacuum desiccator. 
Persulfate prepared this way can be obtained from hlerck and Company. 
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the phosphoric acid in the digestion mixture. Enough heat may be 
used towards the end of the digestion to fill the tube with white 
fumes, but not enough to drive them out of the tube. 

Occasionally a substance unusually difficult to digest (e.g., a lipoid) 
may fail to clear in fifteen minutes. In such a case the digest is cooled 
somewhat, and 0.2 to 0.3 gm. more of potassium persulfate with 2 or 3 
drops of water is added. Digestion is then continued. 

Neutralization of digest and transfer to gas apparatus. The 
digest is cooled, 3 cc. of water are poured upon it, and a drop of 1 
per cent alizarin sulfonate is added. From a pipette 40 per cent sodium 
hydroxide is then added, a drop at a time with occasional cooling of 
the tube m a. cold water stream. The heat of the reaction causes 
solution of the solidified melt in the bottom of the tube. Addition of 
alkali is continued until the mixture becomes just alkaline to the aliz- 
arin. Ten per cent sulfuric acid is then quickly added till the color 
changes back to acid, in order to prevent loss of ammonia. 

The solution, cooled to room temperature, is poured into the cup of 
the Van Slyke-Neill blood gas apparatus and the volume of the solution 
is noted. The solution is then drawn down into the chamber. Into a 
graduated pipette is drawn enough water to make the total volume of 
the solution up to 10 to 11 cc., and this water is used in three portions 
to rinse into the gas apparatus the drops of solution left in the test-tube. 

Gasometric determination of ammonia nitrogen. The cock 
of the gas chamber is sealed with a drop of mercury, the chamber is 
evacuated and is shaken two minutes to extract the air from the solu- 
tion. The extracted air bubble is ejected by the technique described 
on page 279 for ejection of gases from chamber without loss of solution. 
The extraction is repeated, yielding usually a very small second air- 
bubble, which also is ejected without permitting more than a drop of 
the solution to follow it up into the cup of the apparatus. 

The hypobromite solution is whirled for a few seconds about the 
walls of its flask to permit escape of any oxygen gas that has formed in 
it, and 1.5 cc. are transferred to the cup of the gas apparatus. One 
cubic centimeter is run down into the chamber. The remaining O.S cc. 
is washed out of the cup, and the cock is sealed with mercury. The 
chamber is then evacuated and shaken two or three minutes. 

The gas volume is reduced to 2 cc. and the reading, pi, on the 
manometer is noted, together with the temperatirre. 

The gas is then ejected from the chamber, the meniscus of the solu- 
tion is lowered again to the 2-cc. mark, and p 2 is read on the manometer. 
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When suflSicient material for duplicate analyses is available, one may 
take an amount of material containing 1 to 4 mg. of nitrogen, with 2 cc. 
of sulfuric-phosphoric acid mixture and 2 grams of persulfate. The 
digestion is carried out in a tube marked at 25 cc. capacity. After 
neutralization the digest is diluted up to the mark, and 10 cc. aliquot 
portions are taken for gasometric nitrogen determinations. 

TABLE 33 


I'oR Micro-Kjeldahl Analysis. Factors by Which Millimeters of Nitrogen 
Pressure AIeasltied at 2-cc. Volume Are Multiplied to Obtain Milli- 
grams OF Nitrogen* (from Van Slyke (47))' 


TEMPERATURE 

TACTOR 

TEMPERATURE 

FACTOR 

=c. 


°c. 


15 

0.003250 

25 

0.003136 

16 

41 

25 

24 

17 

27 

27 

16 

18 

15 

28 

04 

19 

01 

29 

3092 

20 

3192 

30 

80 

21 

80 

31 

71 

22 

68 

32 

60 

23 

56 

33 

50 ‘ 

24 

45 

34 

40 


* These factors include the empirical correction factor of 1.04, for the reaction with 
hypobromite. 


Calculation 

Milligrams of N = i.pi — — c) X f 

where/ is the factor indicating the mg. of n corresponding to 1 mm . of pres- 
sure at the temperature noted. The factor is found in table 33. 

pi ~ pt ~ c = pressure of nitrogen gas from the substance analyzed 

c is the value of pi — pn obtained in a blank analysis of the reagents, 'which 
are digested with 1 cc. of water and otherwise treated as in the analysis de- 
scribed. \\ ith good reagents the blank, c, does not exceed 6 mm. 

Under the conditions given, the hypobromite yields 96 per cent of the 
theoretical amount of nitrogen gas. Consequently the factors of table 33 
give the weight of N 2 measured in the apparatus multiplied by 1 .04. 
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In order to obtain the factors in table 33, the factors in table 30 marked 
‘'Sample = 1 cc,, 5 = 3.5 cc., a = 2.0 cc., i = 1.00” were multiplied by 

28 OS 

X 1.04 = 0.0292 


A p plications to blood and urine analysis 

For determination of the total nitrogen of serum it is convenient to 
dilute 10-fold and digest 1 cc. of the solution, equivalent to 0.1 cc. of 
serum. 

For albumin nitrogen in the filtrate obtained by Howe’s method, 
in which 0.5 cc. of plasma is added to 15 cc. of 22 per cent Na 2 S 04 , 5 cc. 
of the filtrate are boiled down with 1 cc. of the sulfuric-phosphoric 
acid mixture till fmnes appear. The mixture is cooled. One cubic 
centimeter of water and 1 gram of potassium persulfate are added, and 
the digestion is continued as usual. Because of the sodium sulfate 
present it is well to add 5 cc. of water, instead of 3 cc., before neutraliz- 
ing to avoid crystallization of the salt in the tube. The final volume of 
fluid transferred to the gas apparatus is therefore 13 to 14 instead of 10 
to 1 1 cc., but the results are not affected. 

Non-protein nitrogen of blood is done on 10 cc. of trichloroacetic acid 
or Folin-Wu filtrate, which is boiled down in the tube with 1 cc. of 
sulfuric-phosphoric acid mixture before adding the persulfate plus a 
few drops of water. 

Urines if of ordinary concentration are diluted 5-fold, if unusually 
concentrated, 10-fold, and 1 cc. samples of the solution are digested. 


■YMMONLA. 

The technique- described above for determining the ammonia formed by 
Kjeldahl digestion can be used in general for micro determinations of am- 
monia in solutions that are free from interfering substances. 

WTien a definite volume of ammonia-containing solution is measured into 
the gas chamber one may, instead of extracting the air as in the above 
described micro Kjeldahl analysis, leave the air in and measure it with the 
the ammonia, the pressure of the two together giving the reading pi on the 
manometer. A blank analysis of the reagents at the same temperature gives 
reading po. Then 


pi — po 
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This procedure necessitates but one manometer reading with each am- 
monia solution; and in a series of analyses the gas chamber need not be 
washed out between analyses, since the trace of hypobromite left after eject- 
ing one solution will do no harm in analysis of the next. It is assumed that 
■pQ observed in the blank analysis represents the pressure arising from both 
ammonia and air in the reagents. The procedure can be used therefore 
only if the dissolved air in the solution submitted to blank analysis is the 
same as in the ammonia solution. Both solutions must be saturated with 
air at within 0.2° of the same temperature, and both must contain like 
amounts of salts, alkali, or other solute affecting the solubility of air. In 
case the temperature rises or falls between the readings of p^ and pi^ Po must 
be corrected by adding or subtracting, respectively, the change in vapor 
pressure of water caused by such a temperature change (see table IS, p. 163). 

WTiether it is more desirable to remove dissolved air in each analysis or 
include a correction for it in a reading must be decided by the analyst in 
accordance with the conditions. The analysis with preliminary removal of 
air is about five minutes longer, but is free from the slight sources of error, 
due to possible failure of blank and ammonia solutions to have quite the 
same solubility for air, and to possible slight errors in making the corrections 
for temperature changes between the po and pi readings. If a considerable 
series of analyses is to be done, with amounts of ammonia nitrogen in the 
neighborhood of 1 mg., it wiU probably be worth while to use the more rapid 
method, with po readings from blank analyses. If, however, only a few 
analyses are intended, or if the determinations are on small fractions of a 
milligram of ammonia, the preliminary extraction of dissolved air, and calcu- 
lation of Fx 2 as in the micro Kjeldahl method will be desirable. 

WTen air is extracted before addition of hypobromite, as in the Kjeldahl 
analyses, the solution must be acid or ammonia will be lost. 

UREA BY MEASUREMENT OE THE CARBON DIOXIDE EORMED BY THE ACTION 
OE UREASE. VAN SLYKE (49) 

Principle 

Urea is changed by the action of urease® into ammonium carbonate: 
C0(XH2)2 -t 2 HoO = (NH 4 ) 2 C 03 . The ammonia has been commonly 
determined as a measure of the urea. However, as shown by Partos (27) 
and by Mirkin (22), one can also obtain an exact result by determining the 

® For experiments and literature concerning the mode of action of urease and the opti- 
mum conditions for its action see papers by Van Slyhe and Cullen and Van Slyke and 
2;acharias cited in the general chapter on urea determination. 
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COe of the ammonium carbonate. The manometric blood gas apparatus is 
particularly adapted to this determination, because of the wide range over 
which it yields accurate results. In practice the gasometric CO 2 urea de- 
termination has proved to have several advantages over the ammonia 
estimation. The gasometric method dispenses with the apparatus required 
for aeration or distillation of the ammonia, and with the necessity for exact 
standard solutions for titration, or for colorimetric comparison in Messleri- 
zation. The result is a diminution in the sources and likelihood of error, 
and, at least in urine analyses, a gain in rapidity. 

Preformed carbonic acid and bicarbonate exist in both blood and urine. 
This CO -2 is removed by acidifying and agitating the blood or urine before 
the urease is added. 

The removal of the blood proteins is not a necessary preliminary to the 
analysis. The determination can be performed directly on either whole 
blood or plasma, as well as on the Folin-Wu blood filtrate. The only 
drawback to the direct analysis of vrhole blood is that the determination 
requires 15 minutes, compared with 5 for the Folin-Wu filtrate. 

In accuracy there is no difference between determination of the CO 2 
and that of the NH3 formed by the action of urease, if samples of size best 
suited for the measurement of each can be taken. In urine analyses this is 
the case. In blood analyses the results obtainable with 1-cc. samples by 
the gasometric method are about equal in accuracy (1 per cent of the 
amount measure) to those obtainable with 5 cc. by the ammonia titration 
method, and considerably more accurate than those obtainable bj’’ titration 
with the 2-cc. samples commonly used. Gasometrically one can obtain 
with a little practice satisfactory accuracy, by the microtechnique described 
beloTv, with 0.2 cc. of blood taken from an ear puncture. 

l/rea in urine 
Reagents 

Urease solution. A 10 per cent w^ater solution of Squibb ’s urease, which is 
prepared from jack beans by Van Slyke and Cullen’s acetone precipitation 
method (52). It has always been found highly active and free of CO 2 . 
Any other COo-free urease preparation may presumably be used, if the activ- 
ity (see p. 377), or the time required by it to decompose completely the 
maximum amount of urea that may be encountered in the analysis under- 
taken, is determined. The urease solution in 50 per cent glycerol prescribed 
for blood analysis may also be used for urine. See “Urease preparations,” 
chapter 11. 
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1 X lactic acid {approximate). Described in the section of this chapter on 
^‘General reagents.” 

2 M EzPOi {approximate). Dilute 13.2 cc. of syrupy phosphoric acid, 
of specific gra\nty 1.725, to 100 cc. 

Saturated carbonate-free NaOH solution, approximately 18 n, described in 
the section of this chapter on ‘‘'General reagents.” 

2 M carbonate-free NaOH. Dilute 11 cc. of the saturated sodium hydro.x- 
ide to 100 cc. At once draw the solution up into a tube (fig. 53) protected 
from atmospheric COo by soda-lime at the top. 

Brom-thymol blue, 0.4 per cent solution. 100 mg. of the powdered dye are 
ground in a mortar with 3 cc. of 0.05 N NaOH, and then diluted to 25 cc. with 
w'ater. 

Caprylic-ethyl alcohol. 1 volume of caprylic alcohol is mixed with 4 
volumes of 95 per cent ethyl alcohol. This mixture is used to prevent foam- 
ing. For use wdth urine it is preferable to pure caprylic alcohol, because it 
is less likely to obscure the clear meniscus. 

Test of 2 M HzPOi and 2 n NaOH 

A portion of 2 m H3PO4 is titrated with the 2 n NaOH, using phenol* 
phthalein as indicator and titrating to a full red. Each cubic centimeter of 
phosphoric acid should neutralize 2 cc. of sodium hydroxide. A variation 
of 10 per cent may be permitted, i.e., 1 cc. of H3PO4 may neutralize from 1.80 
to 2.20 cc. of NaOH. It is convenient for the titration to dilute 3 cc. of the 
2 M H3PO4 with 20 cc. of water, and to add the alkali from a 10 cc. burette. 

The 2 K NaOH should be titrated as above when it is made up and once 
a week thereafter. If the solution stands for some weeks or months in the 
soda-lime tube it is likely to increase in concentration by more than the 
permitted 10 per cent, as the result either of losing water by slow distillation 
up into the soda lime, or of solution of more alkali from the glass. An in- 
tact coat of paraffin on the tube should prevent reaction with the glass. It 
is advisable even in a paraffin-coated tube, however, to test alkali that has 
stood for some time. 

Procedure for urea determination in urine 

Removal of preformed CO 2 . Place in a 25-cc.^° measuring flask 
2 cc. of urine of specific gravity below 1.030, or 1 cc. of more concentrated 

In the original description of the method (49) a 20-cc. flask was used. We have 
changed to a 25-cc. one for the reason that 20-cc. flasks are not stock articles, and conse- 
quently are likely to be missing from laboratory equipment unless especially ordered for 
this analyris. Table 34 has been recalculated from the original (49) to provide for the 
change in final dilurion. 



Gla^as c&piil4i?y 


Soddx'lime 


• Cotxo-n 


-Te-pfor&ted 

stopped 


-AlkAlme solutio-n 


■GIass be&d pinchcock. 

(mdy be TepiAced by wetAl spring 
pinchcock) 


I — Test-tTibe to cover tip 
when tube is not in use 


Fig. 53. Soda lime tube of about 100-cc. capacity for holding COj-free alkali or alkaline 
phosphate. The tip is drawn out quite fine, so that it delivers 35 to 40 drops per cubic 
centimeter, the exact numbpi- being determined by trial with the solution used, and marked 
on the tube. The form of cock shown, made by a glass bead in a rubber tube, is convenient 
for delivery of drops by count. By pinching the tube about the bead delivery of the fluid 
is made at the desired rate. An ordinary metal pinch-cock may also be used. From 
Van Slyke (49). 
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urine. Add 0.25 cc. of 2 m H3PO4, which may be measured conveniently 
and with siifficient accuracy by drops delivered from the fine glass tip 
of a dropping pipette. Then add 3 drops of brom-thymol blue solution. 
Whirl the urine about the walls of the flask for one minute to permit CO 2 
to escape. Insert a tube into the flask and draw air through it to sweep 
out the COo gas. Then whirl the urine again for a minute to permit 
escape of the last traces of CO 2 . (This second treatment is necessary 
only for urines with such high bicarbonate content that they are alkaline 



Fig. 54. Volumetric flask for preparation of urine for urea determination with urease. 
From Van Slyke (49). 


to litmus, but it is probably safer to carry it through as a routine pro- 
cedure on all.) 

Digestion of urine with urease. Dilute to about 23 cc. Add 
035 cc. of 2 N NaOH, meastured by drops from the tube in which it is 
stored. (The first drops from the tube are discarded, as the solution at 
the capillary tip is likely to have taken up CO 2 from the air.) Then add 
1 cc. of urease solution from a pipette which dips below the surface of 
the diluted urine. The heavy urease solution sinks to the bottom of the 
fla^ and does not decompose the urea at the top until after the solutions 
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are mixed. The solution is now diluted up to 24.9 cc., and the flask is 
closed with a 1-hole rubber stopper, the hole of which is filled by a 
vaselined glass rod (fig. 54). The contents of the flask are mixed, and 


TABLE 34 


Ueease Method toe Ueea is Urine 

Factors by which millimeters of pressure from urea CO 2 are multiplied (from Van 
Slyke (49)) 

Volume of solution extracted = 3.5 cc. Gas volume at which pressure is measured = 
2.(X)0 cc. 


PACTORS CR'ING GEA1I3 OP URS-A X PER 
LITER URIN'E 


FACTORS GIV'ING GRAMS OF UREA PER 
LITER URINE 


TElfPERATCRE 


I Sample = 1 cc. 
j urine 

Sample = 2 cc. 
urine 

j Samp!e_= 1 cc. 

I urine 

Sample — 2 cc. 
urine 

'C. 



] 


15 

0.04304 

0.02154 

0.0922 

0.0461 

16 

4278 

41 

IS 

59 

17 

55 

27 

13 

56 

18 

32 

16 

07 

53 

19 

10 

05 

02 

51 

20 

4189 

2095 

897 

49 

21 

66 

85 

92 

46 

22 

42 

74 

88 

44 

23 

21 

63 

84 

42 

24 

01 

52 

79 

39 

25 

4081 

1 

42 

75 

37 

26 

62 

31 

71 

35 

27 

> 43 

21 

66 

33 

28 

24 

12 

62 

31 

29 

04 

02 

58 

29 

30 

3985 

1993 

54 

27 

31 

68 

84 

. 50 

25 

32 

50 

75 

46 

23 

33 

33 

66 

42 

21 

34 

15 

58 

39 

19 


“Sample” signifies volume of urine measured into 25 cc. flash. Only 2/25 of the 
sample is taken for the gasometric determination. 


allowed to stand 20 or more minutes for the enzyme to act. The mixed 
solution should take on a distinctly green color, and if much urea is 
present will quickly become blue from formation of ammonium car- 
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bonate. If when the urine solution is mixed with the added alkali and 
urease the color does not change from yellow to at least green (pH 
about 6.5), add another drop of 2 n alkali through the hole in the stopper. 
This may be necessary with an occasional urine of high acidity. 

Addition of excess alkali to digested urine to prevent CO2 loss. 
At the end o'f the twenty minutes or longer period the glass rod is with- 
drawn from the stopper and, after the first 3 drops of alkali have been 
discarded, the capillary tip of the tube (figure 53) delivering 18 n NaOH 
is inserted through the hole. 0.2 cc. of the concentrated alkali is added, 
measured by (about 5) drops. It is advisable to vaseline the delivery 
tip, so that the alkali will fall cleanly from the end and not creep back 
up to the sides. The 0.2 cc. of concentrated alkali increases the volume 
of the solution by only 0.1 cc. The stopper is again closed with the 
glass rod, and the flask is inverted 2 or 3 times to mix the alkali with 
the solution and to absorb any CO 2 that may have escaped into the gas 
space beneath the stopper. The 0.2 cc. of concentrated NaOH makes 
the solution so alkaline that there is no danger of loss of CO 2 when the 
flask is subsequently opened for withdrawal of samples. To prevent 
absorption of atmospheric CO 2 the flask is kept closed, except when 
samples are pipetted out for analysis. 

Extraction and measurement of CO2 formed from urine urea. 
Place a drop of the caprylic-ethyl alcohol mixture in the capillary and 
1 cc. of water in the cup of the manometric apparatus. Run 2 cc. of the 
digested urine solution imder the water. Admit the urine solution 
into the chamber of the apparatus followed by the 1 cc. of water. Then 
add 0.5 cc. of 1 n lactic acid. Evacuate the chamber and shake 1.5 
minutes. Reduce the gas volume to 2 cc. as described for CO 2 deter- 
minations in blood. Read pressure pi on manometer, and eject the 
solution from the apparatus. 

Run a control with reagents alone, without any urine. The manome- 
ter reading for the control is po. 

Calculation 

The pressure due to CO 2 from urea is 

Eurea ~ Pi Po 

Eurea is multiplied by the proper factor from table 34. 

One control serves for an entire series of urea determinations. If the tem- 
perature changes while the series is being analyzed, correct po by adding or 
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subtracting 1.3 mm. for each degree rise or fall of temperature centigrade, 
This serves to correct for the change in the v’apor tension of the water in the 
apparatus and in the pressure e.xerted by the air e.xtracted from the solution, 
if the temperature does not vary more than 3°. If it does, repeat the analy- 
sis of the control solution. 

Remarks on the urine unalysis 

In running a series of analyses it is not necessary to wash the gas apparatus 
between determinations. Since the CO 2 is not reabsorbed with alkali in the 
apparatus, the ejection of the gas and the acidified solution after each analy- 
sis removes the CO 2 with sufficient completeness. One may consequently 
proceed with the analyses at the rate of one every four minutes, and have 
sufficient leisure to calculate each result during the e.xtraction in the next 
analysis. 

The 1 cc. of water and the 0.5 cc. of lactic acid solution added to the urine 
solution in the apparatus should be measured to within 0.05 cc. The dis- 
solved air in the 3.5 cc. of solution is extracted and measured with the CO 2 , 
the correction for the air content being included in the blank. 0.1 cc. of 
water saturated with air at room temperature yields sufficient air to exert at 
2 cc. volume about 1 mm. pressure in the apparatus, and it is desirable to 
keep the error within this limit. Hence the 3.5 cc. volume of water solution 
should be measured to vithin 0.05 cc. The 1 cc. of water first placed in the 
cup should be measured from a 1-cc. pipette, and the 0.5 cc. of lactic from a 
0,5-cc. pipette, rather than by the marks on the cup itself. 

Urea determination in Folin-Wu blood filtrate 

The determination may be made, as in the urine analysis described above, 
by measuring the total gas (air -f- CO 2 ) after the action of urease, and sub- 
tracting the dissolved air obtained in a blank analysis. This procedure (A) 
is the one of choice for speed and convenience when a number of blood urea 
determinations are required; each determination is simplified to one extrac- 
tion and one reading of the manometer, and as the CO 2 is not reabsorbed 
with alkali, the apparatus need not be washed between determinations. 
For the blank analysis, 0.9 per cent NaCl solution is used, because it dis- 
solves the same amount of air as the Folin-Wu filtrate, viz., 94.5 per cent as 
much as does water. 

WTien only one or two analyses are to be made, it is simpler to omit the 
blank and perform in the gas apparatus the extraction of preformed CO 2 
as well as the subsequent analysis. Accordingly both procedures wall be 
described. 
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Reagents for blood filtrate analysis 

0.9 per cent NaCl solution, acidified with 1 or 2 drops of 1 n hydrochloric 
or sulfuric acid per 100 cc. 

0. 5 ii COz-free KazHPOi. 17.9 grams of Na 2 HP 04 • 12 H 2 O, or 7.1 grams of 
anhydrous Xa 2 HP 04 , made up to 100 cc. To avoid absorption of atmos- 
pheric CO .2 the solution should be made with minimum exposure to air and at 
once drawn up into a soda-lime tube (fig. 53). 

Another way of preparation, from the H3PO4 and concentrated NaOH 
described for urine analysis, is also convenient. In a 100-cc. measuring flask 
place about 50 cc. of water and 3.33 cc. of syrupy H3PO4 of specific gra\dty 
1.72 (this is approximately 15 m H3PO4). Add 1 drop of phenolphthalein 
and run in carbonate-free 18 h NaOH till the solution turns pink. At once 
dilute to 100 cc., mix, and draw up into a soda-lime tube. 

10 per cent mease in glycerol- phosphate solution. Jack bean urease dis- 
solved in water slowly produces carbon dioxide, sufficient in the course of an 
afternoon to increase by several millimeters the pressure reading in a blank 
anah’sis. When the enz\Tiie is dissolved in 50 per cent glycerol CO 2 forma- 
tion does not occur. Phosphate also is added to the solution to neutralize 
the acidity of the Folin-Wu filtrate and provide a proper pH for the action of 
the urease. 

Place 1 gram of Squibb’s urease in a 10 cc- n^easuring cylinder and stir into 
it 2 cc. of water. When the mixture has become homogeneous add 3 cc. of 
the 0.5 M Na 2 HP 04 solution, followed by 5 cc. of glycerol. Mix, and at 
once draw up into a 10 cc. burette protected at the top by a soda-lime tube. 
The delivery tube of the burette below the cock should be 7 or 8 cm. long, 
and should be provided with a rubber tip to permit delivery through a 
mercury seal directly into the chamber of the gas apparatus as shown in 
figure 52. 

5 .V XaOH solution and 1 s- lactic acid {approximate). Described in the 
section of this chapter on ‘‘General Reagents.” The 5 N NaOH is drawn 
into a soda-lime tube (fig. 53) . 

0.4 per cent hrom-thymol blue, described above for urine analyses. 

Caprylic-ethyl alcohol mixture, 1 to 4, described for urine analyses. 

Procedure A , for determinations in a series of blood filtrates 

Preliminary aeration of filtrate and control solu tion. Prepare 
the filtrates by treatment of the blood with tungstic acid, according to 
Folia and Wu, as described in chapter II. The blood is diluted 10-fold 
in the process. Collect each filtrate in a flask of volmne equal to at 
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least 10-fold that of the filtrate and add a drop of 0.4 per cent solution 
of brom-thymol blue for each 10 cc. The filtrate must show a clear 
yellow acid color. If there is any tinge of green a drop of 0.1 n acid 
is added. To remove preformed COo derived from the blood bicarbon- 


TABLE 35 

L'x^ase Method ior L'pjia in’ Folin-Wu Blood Filtrate 
Factors by v/hich millimeters of pressure from urea CO; are multiplied (from Van 
Slyke (49}). 

Volume of solution extracted (5.) = 5.7 cc. Sample = 0..5 cc. blood, cl = 0.945 cl 
for water. 


TEUPCa-iTL'RE 


r.i.cToas Givm.;; uinuaR'iiis of vp . z \ \ 
PE?. ;0<J cc. BLOOD 


r \t70ES inVIN'r, millii;r.\us of vre.\ pee 
100 cc. BLOOD 



a = 2.(1 cc. 

a = 0.5 cc. 

a = I.O cc. 

a = 0.5 cc. 






15 

; 0.720 

0.1 s.u 

1.540 

0.393 

16 

15 

; 21 

30 

90 

17 

; 10 

! 09 

20 

88 

IS 

06 

i 0.1798 

10 

85 

19 

01 

i S7 

00 

S3 

20 

i 0.697 

i 76 

1.491 

SO 

21 

; 93 

! *» 65 

82 

78 

22 

i S8 

1 54 

73 

76 

23 

S4 

i 43 

64 

73 

24 

1 80 

j 33 

55 

71 

25 

76 

j 23 

47 

69 

26 

i 72 

! 13 

39 

67 

27 

i 68 

i 03 

31 

65 

2S 

65 

1 0.1694 

23 

63 

29 

61 

i 

i 85 

! 

15 

61 

30 

i 58 

i 76 

07 

58 

31 

i o4 

1 68 

00 

57 

32 

i 51 

; 59 

0.1393 

56 

33 

1 48 

i 51 

87 

54 

34 

45 

1 ^5 

80 

52 


To calculate grams per liter ( = mg. per cc.) each factor is divided by 100. 


ate, shake each flask, unstopper ed, vigorously with a horizontal, whirl- 
ing motion from thirty seconds to one minute. Insert a tube into the 
flask and pass fresh air through it for a few seconds. Repeat this proc- 
ess twice more. Each extraction removes about 90 per cent of the CO 2 
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present, so that the last leaves only a negligible thousandth of that 
originally present. Several flasks may be held in the hand and shaken 
together when a series of analyses is being performed. 

For a blank analysis treat a similar volume of acidified 0.9 per cent 
NaCl solution in the same manner, with the precaution to ascertain 
that the solution is within 0.2°C of the temperature of the fil- 
trates. A variation of 1° would change the dissolved air content by 
0.003 volume per cent, and affect the obtained blood urea nitrogen 
content by 0.5 mg. per 100 cc. 

Transfer of sample to gas apparatus and digestion with 
urease. With a S-cc. stop-cock pipette, provided with a rubber tip and 
calibrated to deliver between two marks (see fig. 30), transfer 5 cc. of 
filtrate to the chamber of the blood gas apparatus. Before the transfer a 
small drop of caprylic-ethyl alcohol is drawn into the capillary below the 
cup, into which are then poured 3 or 4 cc. of water and 0.5 to 1 cc. of mer- 
cury. The tip of the delivering pipette is sealed by immersion in the 
mercury, as shown in figure 52, so that the solution is delivered from 
the pipette directly into the chamber of the gas apparatus. It is con- 
venient, though not obligatory, to use a pipette provided with a stop- 
cock. 

0.5 cc. of the urease solution, measured from the burette, is then run 
into the chamber under the mercury seal in the same manner. Before 
the burette tip is lowered into the mercury it is washed in the water in 
the cup to remove the drop of urease-phosphate at the tip, which may 
have absorbed some CO 2 from the air. The urease and filtrate are 
mixed by lowering and raising the mercury in the chamber a few centi- 
meters, and are permitted to react for one or more minutes. One 
minute is sufficient with the Squibb’s urease recommended above, of 
which 100 mg. at pH 6.8 to 7.2 and a temperature of 20° will decompose 
9.5 mg. of urea per minute. The mixture should turn to a greenish 
color. If it remains yellow, because of unusual acidity of the filtrate, 
another 0.5 cc. of urease-phosphate solution may be added. 

Determination of CO 2 formed from urea. After the urease has 
acted 0.20 cc. of 1 n lactic acid is run under the mercury seal into the 
chamber from a rubber-tipped burette in the same manner as the 
sample and urease. The chamber is evacuated and shaken one and 
one-half minutes. The gas volmne is reduced to 0.5 cc. for ordinary 
blood, but only to 2.0 cc. for blood with high urea content. The tech- 
nique described on page 277 for adjusting the gas volume in CO 2 deter- 
minations is to be followed. In case one attempts first to reduce the 
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volume to 0.5 cc., but finds the gas pressure too high to read in the 
manometer, the mercury in the chamber must be lowered again to the 
50-cc. mark, the solution shaken for another half minute, and the gas 
volume brought to 2.0 cc. With the gas volume at either 0.5 or 2.0 
cc. the pressure pi is read on the manometer. 

Five cubic centimeters of 0.9 per cent NaCl solution are analyzed in 
the same manner. The reading is po. 

The pressure of COs from urea is = pi — po as in the urine analy- 
sis described above. 

In case the temperature recorded by the thermometer in the gas 
apparatus changes during the interval between the analysis of the blank 
and that of the filtrate, 1.5 mm. is added to po as in the urine analysis for 
each 1° rise when the pressure is measured with the gas at 2-cc. volume. 
When the pressure is measured with the gas at 0.5 cc. volume the cor- 
rection is 2.0 mm. per 1° temperature change. This correction is added 
to po if the filtrate is analyzed with the gas apparatus at a higher tem- 
perature than the blank, and subtracted if the reverse occurs. 

Procedure B,for determinations in single samples of blood filtrate 

Removal of preformed CO«. Five cubic centimeters of filtrate 
preceded by a drop of caprylic-ethyl alcohol are delivered into the gas 
apparatus imder a mercury seal as described above. To remove CO 2 
the chamber is evacuated and shaken thirty seconds. Mercury is 
admitted from below until the chamber is about one-quarter full. 
Then, without stopping the inflow of mercury, the upper cock 
is opened, admitting air into the chamber. The admission of 
mercury into the chamber is continued until all the gases have been 
completely driven out through the cock above. The air is admitted in 
order to dilute the CO 2 in the chamber and prevent its reabsorption by 
he blood solution. If the upper cock were kept closed until the ex- 
tracted CO 2 has been compressed at the top of the chamber, some of 
the extracted COo gas would go back into solution. The above proce- 
dure removes 90 per cent of the preformed CO 2 from the blood. It is 
repeated twice, making three extractions in all, which leave only a 
negligible 0.001 of the preformed COo. 

Digestion with urease. 0.5 cc. of the urease-phosphate solution is 
measured into the cup of the apparatus, through a mercury seal, as in 
procedure A. The urease is mixed with the filtrate in the chamber by 
once lowering the mercury to the bottom of the chamber. The mixture 
is allowed to stand 1 minute or longer for completion of the action of the 
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urease. It should turn from clear acid yellow to a green or blue color, 
indicating that the phosphate has neutralized the acidity of the filtrate. 
If the solution does not turn green, more urease-phosphate solution 
is added. 

Determination of CO 2 formed from urea. 0.20 cc. of 1 n lactic 
acid is added through the mercury seal; the gases are extracted and 
their pressure, pi, read at either 0.5 or 2.0 cc. volume, as described 
above for procedure A. 

To absorb the CO 2 , 5 to 6 drops of 5 x WaOH are admitted into the 
chamber. The cock leading to the leveling bulb is then opened to 
permit the solution to rise for a moment into the upper stem of the 
chamber. The gas volume is brought again to the original 0.5 to 2.0 cc., 
and the manometer reading po is taken. The pressure Parea due to 
CO 2 formed from urea is 

= p, - p, - c 

where c is the value of pi — pa obtained in a blank analysis performed 
on 5 cc. of acidified water m the place of blood filtrate. The c value, 
due to traces of CO 2 in the enzyme and phosphate solution, should be 
only a few millimeters with the gas volume at 0.5 cc. 

Washing the apparatus between analyses. Before each analy- 
sis the gas apparatus is washed twice with 5 to 10 cc. of distilled water, 
as described in the section on general gasometric technique above. 

Direct urea determination in whole blood or plasma 

As in procedure B described above for blood filtrate, the entire opera- 
tion, including removal of preformed CO 2 and digestion with urease, 
is carried out in the gas apparatus. Two procedures will be described, 
for the analyses of 1.0 and 0.2-cc. samples respectively. 

Reagents for direct analysis of whole blood or plasma 

18 .V and 5 NaOH, 1 y and 0.1 y lactic acid described under “General 
reagents.” 

0.02 y lactic acid (for micro blood analysis). The 0.1 n add is diluted 
5-fold. 

0.26 M NozPOi solution. In a 100 cc. flask place 1.75 cc. of syrupy phos- 
phoric acid of specifi.c gravity 1.72 to 1.73. This phosphoric acid is of 
approximately 15 m H 3 PO 4 concentration. Fill the flask hah full with 
vrater, add 2 drops of 1 per cent phenolphthalein solution and titrate with 
the carbonate-free saturated (approximately 18 n) Na OH solution from a 10 
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cc. burette until the solution in the flask turns red. At this point 2 molecules 
of XaOH have been added per molecule of HsPOs and XasHPO-i has been 
formed. Xote the volume of XaOH solution used and add exactly half 
as much more, to change the phosphate to XasPO.*. The total volume 
of IS N XaOH required should be about 4.3 cc. Immediately after the addi- 
tion of the alkali has been completed, and before the alkaline phosphate 
solution has had opportunity to absorb CO; from the air, dilute the solution 
to the 100-cc. mark, stopper the flask, mix the solution, and draw it up into 
a soda-lime tube (fig. 53), from which it may be measured by drops for 
analyses. 

Ten per cent urease solution in 50 per cent glycerol. One gram of Squibb’s 
preparation of urease is dissolved in 5 cc. of water, and 5 cc. of glycerol are 
mixed with the solution. The enzyme solution should be prepared the same 
day it is used. It need not be protected from air, as it is too acid to absorb 
CO;. It is not expedient to mix it with the XasPO; prior to use, because the 
alkalinity of the phosphate destroys the enzyme rather rapidly. Sometimes 
the glycerol as purchased contains dissolved CO;, which causes a high 
blank. The CO; can be removed by distributing the glycerol in a thin 
layer about the walls of an evacuated flask. 

Determination in 1 cc. of lehole blood or plasma 

Removal of preformed CO; from blood. Place a drop of capry- 
lic ethyl alcohol mixture in the cup of the blood gas apparatus and draw 
it down into the capillary beneath the cup. Then place 1 cc. of 0.1 x 
lactic acid in the cup, and add water up to the 4.5 cc. mark. From a 
stop-cock pipette run 1 cc. of blood under the water solution into the 
chamber and then draw the acidified water also into the chamber. If a 
bubble of air enters the chamber no harm is done ; it will be ejected 
later with the preformed CO;. The preformed CO; is now removed 
by three successive extractions of 30 seconds each, in the manner 
described above for Procedure B with the Folin-Wu filtrate. 

Digestion of blood with urease. After the removal of preformed 
CO;, place in the cup of the apparatus 1 cc. of 10 per cent urease solution, 
and run into the urease solution 0.25 cc.-of the 0.26 m NasP04 solution, 
measured by drops from the soda-lime tube (the first 2 or 3 drops are 
to be discarded as they have absorbed atmospheric CO;). The urease- 
phosphate mixture is at once drawn down into the chamber of the 
apparatus and the cock is sealed with a drop of mercury. In order to 
mix urease and blood, and to bring the enzyme into contact with the 
portions of blood solution wetting the walls of the chamber, the mercury 
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in the chamber is lowered to the bottom and then permitted to rise 
again. The mixture is now permitted to stand a sufficient length of time 
(one minute with Squibb’s urease) for the enzyme to complete its action. 

Extraction and measurement of CO 2 formed from blood urea. 
After the enzyme has finished its action 0.5 cc. of 1 n lactic acid is placed 
in the cup and 0.25 cc. is drawn down into the apparatus, making the total 
volume of solution up to 7 cc. The cock is sealed with mercury, the 
chamber is evacuated and is shaken two minutes, as in determinations 
of blood CO 2 . The volume of the extracted gas is reduced, ordinarily 
to 0.5 cc. However, if the blood urea content is over 75 mg. per 100 cc. 
(urea nitrogen over 35 mg.), the CO 2 pressure at 0.5 cc. volume will 
exceed 400 mm. With such bloods the volume of the extracted gas 
is reduced only to 2 cc. The technique described on page 277, for 
adjusting the volume of extracted CO 2 for pressure measurement is 
followed. 

With the extracted gases at 0.5 or 2 cc. volume, the manometer read- 
ing pi is noted. Without releasing the vacuum, 3 or 4 drops of 5 n 
NaOH solution are admitted, a drop at a time, from the cup to absorb 
the CO 2 . The vacuum is then released and the solution is permitted to 
rise for a moment into the upper stem of the chamber, to wash out the 
alkali. The mercury in the chamber is finally lowered again until the 
surface of the blood solution has fallen to the 0.5 or 2 cc. mark used for 
the first reading, and the second manometer reading p 2 is taken. 

A blank analysis is carried through, in which the blood is replaced by 
water solution. The difference between pi and pa in the blank analysis 
is the correction, c, for CO 2 in reagents. The value of c is usually 5 
or 6 mm. with a gas volume of 0.5 cc., and 1 or 2 mm. with a gas volume 
of 2 cc. The pressure due to CO 2 from urea in the analysis is 

^ urea ~ ^2 ® 

The CO 2 pressure c observed in the control analysis is due in part 
to a trace of CO 2 in the alkaline phosphate, in part to the trace of CO 2 
present in the water used to dissolve the urease. 

A total solution volume as great as 7 cc. for 1 cc. of blood is used because 
the 5 X sodium hydroxide can be run into it for absorption of CO 2 at the end 
of the analysis. If only a 3-fold dilution of whole blood were used, the 5 n 
alkali would cause a gummy precipitate of hemoglobin on the walls of the 



UREA, UREASE METHOD, MAXOMETRIC 375 

chamber. One vrould have to use 1 x alkali, which would have to be freed 
of air. 


TABLE 36 

Urease Method foe Urea i.n Whole Blood or Plasua 
Factors by which millimeters of pressure from urea CO 2 are multiplied (from Van 
Slyke (49)1. 

FACTO as TO GIVE UILLIGE.AMS OF UHS.! X ! FACTOES TO GIVE 10LLIGEAM3 OF UREA PER 
PEE 100 CC. BLOOD | 100 CC- BLOOD 


Tr-lIPHSA- 

TURE 

Sample = 

i cc. blood 

1 Sample = 

1 0.2 cc. blood 

1 

: Sample = 

1 cc. blood 

Sample = 

0.2 cc. blood 


a = 0.5 cc. 

! 5 = 7.0 cc. 

' a = 2 0 cc. 

1 A' = 7 .0 cc. 

i c = 0.5 cc. 

1 S = 2.0 cc. 

i a = 0.5 cc. 

\ 5' = 7.0 cc. 

! a = 2.0 cc. 
j A = 7.0 cc. 

a = 0.5 cc. 

S = 2,0 cc. 

‘C. 

15 

1 0.0955 

0.3740 

1 

j 

0.424 

i 

j 

0.2048 

1 

1 O.OS02 

0.909 

16 

i 

12 

22 

30 

0.0796 

05 

17 

40 

0.3684 

20 

12 

90 

00 

IS 

33 

i 59 

18 

0.1998 

84 

0.896 

19 

26 

1 34 

1 

16 

84 

79 

92 

20 

i 19 

08 

14 

70 

73 

88 

21 

1 13 

0.3583 

12 

57 

68 

84 

22 

1 08 

58 

11 

44 

63 

80 

23 

02 

34 

09 

31 

58 

76 

24 

0.0895 

10 

07 

17 

1 

52 

73 

25 

89 

0.3488 

05 

04 

48 

68 

26 

S3 

66 

03 

0.1891 

43 

65 

27 

: 77 

45 

02 

78 

38 

61 

28 

i 72 

24 

00 

65 

34 

58 

29 

68 

04 

0.398 

62 

30 

54 

30 

63 

0.3384 

97 

49 

25 

50 

31 

5S 

66 

95 

36 

21 

47 

32 

54 

48 

93 

33 

17 

44 

33 

49 

29 

92 

20 

13 

41 

34 

44 

11 

91 

07 

10 

37 


a indicate gas volume at which pressure is measured. 

S indicates volume of solution from which, the CO 2 is extracted in the apparatus. 
To calculate grams per liter ( = mg. per cc.) each factor is divided by 100. 


Before each analysis the chamber is washed once with dilute lactic 
acid, and once with distilled water as described in the section on general 
gasometric technique, above. 
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Direct iirca determination in 0.2 cc. of udiole blood or plasma 

The urease solution and the 0.26 M Na3p04 for the micro analyses 
are drawn into 2 cc. micro burettes, provided with capillary tips for 
delivery as shown in figure 52 on p. 344. The burette with Na3p04 
is guarded from atmospheric CO^ by a small soda lime tube at the top. 
The most frequent source of error in this analysis is negligence in 
guarding the alkali phosphate from atmospheric COo 

One cubic centimeter of 0.02 x lactic acid is placed in a small test tube 
(6 or 7 mm . inner diameter). The 0.2 cc. of blood from a pipette cali- 
brated to con tain that amount, is run into the lactic acid, and the pipette 
is rinsed twice by drawing the acid up into it. The blood solution, 
together with a drop of caprylic-ethyl alcohol, is transferred to the 
chamber of the blood gas apparatus, 0.6 cc. of water, m portions of 3 or 
4 drops each, being used to wash adherent drops of blood solution from 
the test tube into the cup of the apparatus, and thence into the chamber. 

After the 0.2 cc. of blood and the acid have been brought into the 
chamber, the COn is removed by extracting three times, as described 
above for 1 cc. samples. 

Then 0.07 cc. of the 0,26 M Na3P04 is delivered into the chamber 
through a mercury seal as shown in figure 52, p. 344. Just before the 
burette tip is thrust into the mercury in the cup, 2 or 3 drops of the 
phosphate are wasted, in order to remove the C02-containing drop of 
fluid from the burette tip. After the phosphate, 0.2 cc. of the urease 
solution is similarly delivered into the chamber, making the total 
volume of fluid there approximately 2 cc. 

The enzyme-phosphate solution is mixed with the blood by lowering 
the mercury to the bottom of the chamber and permitting it to rise again. 
The urease is allowed to act on the urea for one minute (or longer if a 
weaker enzyme necessitates it). Finally the mixture is acidified by 
admission of 2 or 3 drops of n lactic acid, the COo is extracted by two 
minutes shaking of the evacuated chamber, and the pressure pi, is 
measured, with the gas volume at 0.5 cc. The vacuum is released; 1 
or 2 drops of 5 x sodium hydroxide are admitted to absorb the COo, 
the meniscus of the solution is lowered again to the 0.5 cc. mark, and 
pressure po is read on the manometer. 

A blank determination is performed in which the blood is replaced 
by water. The difference between pi and pa in the control analysis is 
designated as c. The pressure of CO 2 from urea is 

^urea = P, “ P, “ C 
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Before each determination the apparatus is washed once with dilute 
lactic acid and twice with distilled water. 

Calculation of results of urea analyses 

The factors by which the Purta values obtained in the above analyses are 
multiplied in order to give the urea contents of urine or blood are given in 
tables 34, 35, and 36. 

The {actors were calculated irora those in equation 5, page 283 by which millimols of 
CO 2 per liter are reckoned. Since each mole of urea yields one of CO 2 the factor for miVI. 
CO 2 per liter is converted into one for mg. urea per 100 cc. by multiplying the former by 
0.1 the molecular weight of urea. Similarly mg. urea nitrogen per 100 cc. are obtained 
by multiplying the millimolar CO 2 factors by 0.1 the molecular weight of Nj. 

For the Folin-Wu filtrate analyses, it was found that in the mi.xture extracted — viz., 1 
volume of filtrate plus 0. 1 volume of urease solution in 50 per cent glycerol plus 0.04 volume 
of 1 X lactic acid — CO 2 had a solubility only 0.945 times the solubility of CO 2 in water. 
Hence in calculating the factors for the Folin-Wu filtrate analyses the a' values of table 27 
have been multiplied by 0.945. For the other analyses, in which blood or urine was di- 
luted with water containing relatively little salt, the a values of water were used. 

Gasometric standardization of urease activity 

In studies on the mode of action of urease (see discussion in chapter XI) 
it has been shown that the maximum activity of the enzjnne is e.xerted at a 
pH of approximately 7, maintained by phosphate buffers, in the presence of 
a high concentration of urea. T 0 determine the activity of urease Van Slyke 
and Cullen (52) caused the enzjme to act on a solution containing 0.25 m 
KH 2 PO 4 , 0.25 M Na 2 HP 04 , and 1 m urea concentrations. 

The present Squibb’s urease, made according to Cullen and Van Slyke’s 
method, but from jack beans instead of soy beans, can decompose at 20® 
from 0.05 to 0.10 its weight of urea per minute. 

The activity is determined in the gas apparatus as follows: 2 cc. 
of the above phosphate-urea solution of Van Slyke and Cullen (52) at 
room temperature are run into the chamber of the apparatus. One 
cubic centimeter of water is placed in the cup, and 0.1 cc. of 5 per cent 
lurease, cont ainin g 5 mg. of enzyme, is run underneath the water from a 
capillary pipette. The enzyme solution, followed by 0.9 cc. of water, 
is run into the chamber. The time is noted. The interrmxture of 
enzyme and urea solution is quickly completed by lowering the mercury 
in the chamber a few centimeters and letting it rise again. After an 
interval, usually five minutes, in which sufficient urea is decomposed to 
yield 200 to 400 mm. of CO 2 pressure, 0.5 cc. of 1 n lactic acid is run 
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into the chamber. The acidification stops the action of the enzyme and 
frees the CO 2 of the ammonium carbonate formed. The CO 2 is ex- 
tracted, and the manometer reading pi is taken with the gas volume at 
2.0 cc. The apparatus is washed out twice with water, and a control 
analysis is run without enzyme, the reading obtained being po. 

The number of milligrams of urea that 1 mg. of enzyme preparation 
can decompose at 20" in one minute is found by multiplying (pi - po) 
by the factor in table 37 corresponding to the temperature, and dividing 

TABLE 37 

Fok Calculatixg Activity or Urease. Factors by Which Milumeters oe Pressure 
EROii Urea CO-i Are AIuxtiplied to Giate iliiLioR-AMS of Urea That Would 
Be Decomposed at 20° (from V.an Slvke (49)) 



r.^croR 

TEMPEBATtrSE 

FACTOE 



“C. 


15 


25 

0.0050 

16 

0.0096 

26 

47 

17 

89 

27 

43 

18 

85 

28 

40 

19 

77 

29 

37 

20 

. 72 

30 

35 

21 

68 

31 

33 

22 

62 

32 

30 

23 

58 

33 

28 

24 

54 

34 

26 


by the number of minutes the enzyme acted and the number of milli- 
grams of enzyme present. 

Milligrams of urea split per minute 


at 20° by 1 mg. urease 


(pi - - po) X factor 

(minutes action) X (mg. urease) 


Example. In standardizing a lot of Squibb’s urease the pi ~ Pq value 
was 396 mm. at 22.5°, 5 mg. of the enzyme having acted five minutes. In- 
serting these values into the above formula we obtain : 


Mhligram of urea split per minute\ _ 396 X 0.0060 
at 20° by 1 mg. urease j 5X5 


= 0.095 


Calcidaiion of factors in table 37. Van Slyke and Cullen found that between 10° and 
50° the effect of temperature on urease activity is indicated by the equation : 
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activity at h 
activity at 


0.029 (/i - k) 


where h and tz are any two temperatures within the above range. If h is 20° and tz is t°, 
the temperature of the analysis, this equation becomes 


Log 


activity at 20° 
activity at I 


= 0.029(20 -/) 


which may also be expressed as 

■Activity at 20' ^ ^^o. 029(20 - /) 

Activity at 

Hence the factors indicating mg. of urea are each multiplied by in order 

to correct for the effect of temperature on the activity of the enzyme. The resulting 
combined factors are those of table 37. They are carried out only to two places, because 
the velocity determinations performed as described are not sufficiently accurate to justify 
a third figure. 

APPROXIMATE DETERMINATION OF UREA IN BLOOD .AND URINE BY THE 
HYTOBROMITE RE.ACTION. VAN SLYXE (51) 

HN’pobromite is a much less specific reagent than urease for urea. Ac- 
cording to the conditions of the reaction with h>’pobromite var\nng propor- 
tions of nitrogen gas from other nitrogenous products, such as uric acid and 
creatinine are evolved. “ From ammonia the nitrogen is driven off com- 
pletely as from urea. With urea itself the reaction does not }neld quite the 
theoretical amount of nitrogen gas indicated by the equation 

C0(XH2)2 -h 6 Br + 6 NaOH = NajCOs + 6 H.O + 6 XaBr -{- Nj 

In the procedures for analysis of urine and blood outlined below, the 
h^'pobromite solution used is that pre\’iously described for gasometric am- 
monia determination in micro Kjeldahl analyses. This reagent with pure 
urea solutions yields up to 99 per cent of the theoretical amount of nitrogen 
gas, the yield being higher when the hjq)obromite is more dilute. 

For urine analyses we have followed Stehle (41) in first removing am- 
monia with permutit. WTien the resultant filtrate is allowed to react with 
hj-pobromite for one to two minutes in the manometric apparatus, the 
amount of non-urea nitrogen evolved approximately compensates for the 
deficit of No from urea. In urines with relatively low percentage of total 
nitrogen in the form of urea, the N 2 from the non-urea substances will some- 

“ For a discussion of the hypobromite reaction, see the general chapter XI on urea 
determination. 
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what overcompensate for the 5 per cent deficit in the nitrogen gas yield from 
urea itself; while in urines, such as are obtained with very high protein diets, 
with relatively high percentages of the total nitrogen in the form of urea, the 
non-urea substances will fall somewhat short of compensating. A plus or 
minus error amounting to 4 per cent of the urea present may thus occur. 
The h\-pobroniite method is not to be used when such an error would invali- 
date the interpretation of the results. 

In blood filtrates the ammonia is negligible, but the relative proportion 
of other non-urea nitrogenous substances, not so simply removed, is much 
greater than in urine. Consequently hypobromite with blood fi.ltrates 
evolves more nitrogen than is contained in the urea present. Under the 
conditions outlined below' for use of the hypobromite reaction with the 
Folin-Wu filtrate, the yield of No usually indicates in human blood from 
1 to 4 mg. more of urea nitrogen per 100 cc. of blood than is present, according 
to exact analysis with urease. If a correction of 2 mg. is subtracted, the 
hj.’pobromite nitrogen figure thus corrected falls usually within 1 or 2 mg. of 
the correct value. Because of the margin of error the hypobromite method 
is not recommended when the blood urea content is to be compared with the 
urea e.xcretion rate (blood urea clearance, chapter XI), in order to ascertain 
whetlier there is a moderate diminution of renal function. The 2 mg. error 
w'hich may occur may exceed 20 per cent of the blood urea nitrogen and lead 
to a corresponding error in the interpretation of the results. 

However, the hypobromite blood urea determination is adequate when 
one wishes only to ascertain w'hether sufficient urea has been retained to raise 
the blood urea level above the maximum normal limit. The hypobromite 
urea nitrogen is the quickest and simplest of all blood nitrogen determina- 
tions, duplicate analyses are easy to repeat wdth constancy extraordinary for 
micro analyses, and the determination may well replace that of non-protein 
nitrogen in laboratories wffiere the latter is a routine procedure for detection 
of nitrogen retention. 


Reagents 

Hypobromite solution. The same described above on page 356 for mano- 
metric micro Kjeldahl analyses. 

Permutit. See chapter 12. 

Procedure for urine analysis 

One cubic centimeter of concentrated urine (sp. gr. over 1.030), oi 
2 cc. of more dilute urine, are placed in a 100 cc. Erlenmeyer flask, and 
either 19 or 18 cc. of water from a burette are added, to make the volume 
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up to 20 cc. Three grams of permutit are added and the mixture is 
shaken four minutes to remove ammonia. The fluid is then filtered 
through a dry filter. 

One cubic centimeter of water is placed in the cup of the manometric 
apparatus. Two cubic centimeters of urine filtrate are either layered 
under the water, or are pipetted through it into the chamber of the 
apparatus, as shown in figure 29. After the pipette has been withdrawn, 
the water in the cup is run into the chamber, and is followed by 1 cc. of 
the hypobromite solution. The cock is sealed with a drop of mercury. 
The mercury in the chamber is at once lowered to the SO-cc. mark and 
the chamber is shaken, according to the temperature, for one and one- 
half minutes at 25“, two minutes at 20°, or three minutes at 15°. The 
volume of gas is then reduced to 2 cc. and the pressure pi is read on 
the manometer. 

A blank analysis is run, in which 2 cc. of water, previously shaken 
with permutit, replace the urine filtrate. The manometer reading is 
taken as pQ. 

The chamber of the apparatus need not be washed between the suc- 
cessive analyses of a series. Consequently analyses can be run off 
at the rate of about one every four miautes. 

One blank analysis, run at the beginning, serves for an entire series 
of analyses. If the temperature in the water jacket of the apparatus 
rises between the time at which the blank was run and the tune of the 
urine analysis, 1.3 mm. are added to po for each degree of temperature 
increase, to correct for rise in vapor tension; and a similar correction 
is subtracted from po if the temperature falls. 

Calculation of urine urea. The pressure of No is 

-P.Vj = pi — po 

The urea content of the urine is calculated by multiplying by a factor 
from table 39. 


Procedure for blood urea 

The proteins are precipitated by the usual Folin and Wu tungstic 
acid method, described on page 65 of chapter 11. 

Five cubic centimeters of the filtrate, equivalent to 0.5 cc. of blood, 
are pipetted through a mercury seal into the chamber of the manometric 
apparatus, in the manner shown in figiue 52. One cubic centimeter of 
hypobromite solution is then passed into the chamber in the same man- 
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ner. The mercury in the cup is then run down into the chamber, only 
enough remaining above the cock to fill the capillary. The mercury 
level in the chamber is lowered to the 50~cc. mark and the chamber is 
shaken for one and one-half minutes at 25°, two minutes at 20°, or 

TABLE 38 

Hvpobromite Method for Urea 


or urea in the sample analyzed (from Van tSlyke 


TEilPERATURE 

' FACIOSS GU ns'C UrLUGSAMS OF UREA N’ 

FACTOBS GIVrSG MILUGlUilS OF UREA 

\ il = 0.5 cc.* 

a = 2.0 cc. 

a = 0.5 cc. 

fl — 2.0 cc. 

15 

0.000780 

0.003121 

0.001671 

0.00669 

16 

77 

10 

66 

67 

17 

75 

0.003099 

60 

64 

18 

72 

87 

54 

62 

19 

69 

76 

48 

60 

20 

67 

65 

42 

57 

21 

64 

54 

36 

55 

22 

61 

43 

30 

S3 

23 

59 

33 

24 

50 

24 

56 

22 

19 

48 

25 

53 

11 

13 

46 

26 

50 

01 

07 

44 

27 

48 

0.002990 

01 

41 

28 

45 

79 

0.001596 

39 

29 

43 

69 

90 

37 

30 

40 

59 

85 

35 

31 

37 

49 

80 

32 

32 
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33 
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29 

69 

28 

34 

30 

18 

63 

26 


* a indicates the volume at which gas pressure in the Van Siyke-Neill apparatus was 
read. 


three minutes at 15°. The reaction must not be allowed to continue 
longer; slow decomposition of non-urea nitrogenous substances would 
occasion too high results. 

The meniscus of the solution is brought to the 0.5-cc. mark in the 
chamber in analysis of bloods of urea nitrogen content up to 40 or 50 mg. 
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per 100 cc. For blood with higher urea content the 2.0 cc. mark is used. 
The reading on the manometer is taken as pi. 

A blank analysis is performed with a 5-cc. portion of 0.9 per cent 
NaCl solution replacing the blood filtrate. The manometer reading is 
recorded as po- It is taken with the gas volume at both the 0.5 and 2.0- 
cc. marks, in order that po values shall be available for bloods of either 
normal or high urea content. The 0.9 per cent NaCl solution has the 
same solubility for air as the Folin-Wu filtrate. Hence the blank analy- 
sis corrects for dissolved air in the sample of filtrate. In order to make 
the correction exact, the temperature of the filtrate should differ by 
not more than 0.2"" from that of the 0.9 per cent NaCl. It is advisable 
to put a 10 or 20-cc. portion of the latter into a 100 or 200 cc. flask, 
s imil ar to those used for receiving the blood filtrate, before beginning 
the analysis of a series of filtrates. One ascertains that the tempera- 
tures of all are alike, and then rotates them about the walls of their 
flasks for about a minute, to make certain that they are all saturated 
with air at the same temperature. 

As in the urine analyses, the chamber of the gas apparatus need not 
be washed out between analyses, so that a series can be run off rapidly. 

If the temperature rises during the interval between the blank analy- 
sis and the analysis of the blood filtrate, 2.0 mm. are added to po for 
each degree of temperature rise, and a similar correction is subtracted 
if the temperature falls, when the manometer readings are taken with 
the gas at 0.5 cc. volume. Of this correction 1.3 mm. are for the change 
in vapor tension of water in the chamber, and 0.7 mm. for pressure 
change in the amount of air extracted from the 5 cc. of solution analyzed. 

When the manometer readings are taken with the gas at 2.0-cc. 
volume the correction to po for temperature change after the blank 
analysis is only 1.5 mm. per degree, the pressure change of the admixed 
air at the larger voltune being only 0.2 nun. per degree of tempera- 
ture change. 

Calculation of blood urea. The pressure of nitrogen gas is 

= pi- h 

Milligrams of urea nitrogen per 100 cc. blood = (Py X factor) — 2.0 
JMiUigram of urea per 100 cc. blood = (Py X factor) — 4.0 

The values of the factors for different room temperatures are given in 
table 39. The subtraction of 2 mg. of urea nitrogen, or 4 mg. of urea, per 
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100 cc. of blood, from the amount indicated by the nitrogen gas evolved, is 
to correct for the No yielded by non-urea substances of the blood filtrate. 

TABLE 39 

Hypobeomite Ueea Factobs por Urine and Blood 
Factors by which millimeters Pyr, are multiplied to give urea nitrogen and urea 
content (from Van Slyke (51)) 

j rACTOES FOE CE&’E ANALYSES I FACTOES FOE BLOOD ANALYSES* 


Giving grams of urea N j Giving grams of urea Giving milligrams Giving milligrams 
per liter per liter of urea X per 100 cc. of urea per 100 cc. 



* To approximate the true urea content of blood, subtract from the blood urea values 
calculated by the above factors, 2 mg. of urea N or 4 mg. of urea per 100 cc. of blood, as 
correction for the Ns yielded by non-urea substances in blood filtrate. No correction is 
required, for urine urea values calculated by the above factors. 


The factors in tables 38 and 39 are calculated as described in the following 
section on amino nitrogen determination, except that the millimols of Nz 
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gas are multipiied by 2S.02 instead of 14.01 to obtain milligrams of nitrogen 
in the sample. In the factors of tables 38 and 39 no correction is made for 
the fact that the h\-pobro.mite reaction yields only 0.95 mol of No per mol of 
urea under the conditions of urine analysis, and 0.98 mol under the condi- 
tions of blood analysis. The deficit of Ne yield from the urea is compensated 
by N 2 from other substances in the urine, and more than compensated in the 
blood. 

.AillNO NITROGEN OE .AlIINO ACIDS .AND OTHER PRIil.ARY -ALIPH.ATIC 
.AAIINES. V-AN SLYKE (50) 

Aliphatic amino nitrogen can be determined by measurement of the No 
gas evolved by the reaction with nitrous acid. 

RNHo -f HXOs = ROH + H.O + Xh 

A special apparatus for this determination was described in 1911 by Van 
Slyke (43). The more generally useful manometric apparatus, however, 
gives equally rapid and accurate amino nitrogen determinations and makes 
possible micro analyses with smaller amounts of material than even the micro 
tA'pe of the former apparatus. The manometric apparatus permits measure- 
ment in a 5-cc. sample to ±0.0001 mg. of amino nitrogen per cubic centi- 
meter, this amount causing a change in the manometer reading of 1.3 mm. 
One can accordingly perform a gasometric blood amino nitrogen determina- 
tion direct!}’ on 5 cc. of the Folin-\Vu tungstic acid blood filtrate, without 
the concentrating to smaller volume which was formerly a necessary pre- 
liminary to analysis. 

For discussion of the principle of the reaction and the manner in which 
varying Upes of aliphatic amines react with nitrous acid under the condi- 
tions employed, the reader is referred to the original paper (43). The most 
significant facts are that the NH 2 groups in the cc-amino acids react quan- 
titatively in three or four minutes at room temperature; ivhile NHa groups 
in other types of substances react much more slowly. Of ammonia about 25 
per cent reacts in the time required for complete reaction of a-amino acids 
(43), and of urea only 6 to 7 per cent (20). 

The reaction is carried out by mixing three solutions; viz., of sodium ni- 
trite, acetic acid, and amine. In the manometric apparatus any two of the 
reagents, AcOH and NaNOo, NaN02 and RNH 2 (in neutral or alkaline solu- 
tion), or AcOH and RNHo, may be mixed and freed of air in the extraction 
chamber, and the third reagent then added. The last of the above three 
orders has proved in general to be preferable. The amine solution and 
acetic acid are mixed and freed of air in the chamber and the NaNOs is then 
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added in saturated solution. The saturated nitrite solution need not be 
freed of dissolved air before it is used. Because of its high salt content (60 
grams per 100 cc.), this solution when saturated with air at room tempera- 
ture dissolves only 0.2 volume per cent of the atmospheric gases (one-tenth 
as much as water;, of which one-third is Oo and disappears by combination 
with XO during the reaction. The amount of dissolved atmospheric Xn 
carried into the apparatus by the 2 cc. of nitrite solution e-xerts only 4 mm. of 
pressure when the gas is measured at 0.5-cc. volume, 1 mm. when at 2 cc. 
The corrections for these small amounts of dissolved air are too small to 
\^ary measurably with room temperature or barometric pressure, and are 
automatically included in the blank analysis on thetheagents. 

The entire procedure requires twelve to fifteen minutes. The maximum 
amount of amino nitrogen that can be determined in a sample is about 0.6 
mg., which at 2-cc. volume yields nitrogen gas giving a little over 400 mm. of 
pressure. The minimum amount measurable in micro determinations is 
about 0.0004 mg., which yields nitrogen gas giving 1 mm. of pressure at 0.5- 
cc. volume. Since samples of 5 cc., and, if desired, greater volume can be 
analyzed, a concentration of 0.01 mg. of amino nitrogen per cubic centi- 
meter suffices for an analysis capable of 1 per cent accuracy. 

Reagents 

Sodium nitrite solution. Eight hundred grams of NaN02 dissolved with 
the aid of warming in 1 liter of water. 

Glacial acetic acid. 

Alkaline permanganate. Fift}'’ grams of K]VIn 04 are shaken with 1 liter of 
10 per cent XaOH solution until the latter is saturated with the perman-^ 
ganate. 

Caprylic alcohol. This is used when necessary to prevent foaming of vis- 
cous solutions. 


Procedure 

The analysis consists of the following steps. 

1. The amine solution and acetic acid are freed of air in the apparatus, 

2. Sodium nitrite solution is added and the resultant nitrous acid is per- 
mitted to react for the necessary time, three to four minutes in the case of 
ft-amino acids at room temperature of 25° to 20°. 

3. The mixture of Xo and NO (the latter formed by spontaneous decompo- 
sition of HNO 2 ) is transferred to a Hempel pipette of the t 3 q)e illustrated ia 
figure 55, where the XO is absorbed by permanganate. 
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4. The chamber of the manometric aparatus is washed free of nitrous 
acid and the purified X 2 gas is returned from the Hempel pipette. 

5. The amount of XT gas is measured by the pressure it exerts at either 
0.5 or 2.0-cc. volume. 

The details of the successive steps follow: 

1. Removal of air from mixed solution of amine and acetic 
acid. The sample of amine solution may vary from 1 to 8 cc. in volume. 
Five cubic centimeters is a convenient size. The amine solution is run 
into the chamber of the manometric apparatus followed by 1 cc. of glacial 
acetic acid. The most convenient way to add the amine solution is to 
run it directly into the chamber from a rubber-tipped, stop-cock pipette, 
as shown in figure 30. However, one may run the solution from an 
ordinary pipette into the cup of the apparatus and wash into the chamber 
with small amounts of water, or with the 1 cc. of acetic acid divided 
into three or four portions. The total volume of fluid added should 
be known, because the time required for the subsequent reaction is 
proportional to the dilution of the reagents. If protein or other content 
of the amine solution makes the latter likely to form troublesome foam, 
a drop of caprylic alcohol is added with the acetic acid. The amine 
solution and acetic acid being in the chamber, the cock of the latter is 
sealed with a drop of mercury, and the chamber is evacuated and shaken 
for 2 minutes at the usual tempo of 300 to 400 times per minute. The 
air extracted from the solution is then ejected from the chamber by the 
technique described on page 279. 

Decomposition of amino groups. Two cubic centimeters of the 
nitrite solution are measured in the cup and run down mto the chamber. 
Evolution of N 2 and NO begins at once. The cock is sealed with a drop 
of mercury and the chamber is evacuated imtil the mercury in it has 
fallen to a level 1 or 2 cm. above the 50-cc. mark. The reaction mix- 
ture is permitted to stand in this position until within one minute of the 
end of the reaction time, given below. During the last minute the mixture 
is shaken to complete the evolution of the No formed. The relatively 
large amount of NO gas evolved with the No by spontaneous decomposi- 
tion of the nitrous acid tends to press the mercury meniscus down into 
the tube below the chamber. To prevent this, one admits mercury 
from the leveling bulb onqe or twice during the shaking, so that the 
mercury meniscus in the chamber remains within a centimeter of 
the 50-cc. mark. 
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-Hg. leveling bulb 



Fig. 55. Apparatus prepared for transfer of Ns and NO gas mixture to Hempel pipette 
by turning cock b. From Van Slyke (50). 

The time required for complete decomposition of the alpha NH? 
groups of amino acids, measured from the moment when the nitrite 
is run into the chamber till the end of the minute of shaking, varies with 
the temperature, and at a given temperature it is proportional to the 
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volume to which the reagents are diluted. When the amine solution 
plus the water added with it is 5 cc., so that with the acetic acid and 
nitrite the total volume of solution in the chamber is 8 cc., the time 
required for quantitative reaction of a-amino acids is three minutes at 

— rig. leveling bulb 



Air-free 

water 


Fig. 56. The XO has been absorbed by permanganate in the Hempel pipette, and the 
reagents in the chamber have been replaced by air-free water. The Hempel pipette is 
shown placed again in connection with the chamber, from which air-free water has been 
forced up into the capillaries and the cup of the pipette. From Van Slyke (SO). 

25°, four minutes at 20°, and six minutes at 15°, as indicated by figure 
58. If the volume of the mixed solutions is greater or less than 8 cc., 
the reaction time is proportionally increased or diminished. 
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3. Transfer of NO + N^gas mixture to permanganate pipette, 
and absorption of NO. After the reaction between amine and nitrous 
acid is completed, the mercury leveling bulb of the apparatus is raised to 
the high level indicated in figure 55 and the cock (not shown in the figure) 
connecting the leveling bulb with the gas chamber is opened. The 



Fig. 57. The mercury leveling bulb has been lowered and Na gas drawn back into the 
chamber, followed by permanganate solution as far as the point indicated in the capillary 
above the cock of the chamber. From Van Slyke (50). 


mercury rises in the chamber, and the gases in it collect at the top 
under positive pressure, as shown in figure 55. Two or three cc. of 
water are placed in the cup above the chamber, and the Hempel pipette, 
with its capillaries filled with water, is pressed firmly into the position 
shown in %ure 55. Cock a is turned into the position shown in figure 
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55. Then by opening cock b the gases are forced over into the pipette. 
When the nitrous acid solution, following the gases, has travelled up the 
pipette capillary nearly as far as cock a, both cocks b and a are closed. 
It is preferable not to let any of the nitrous acid solution pass over into 
the permanganate, because it exhausts the latter unnecessarily. The 
wasting of a few cubic millinieters of the gas does not affect the results, 
because the proportion of Ne in the No -f- NO mixture is so small that 
the volume of No lost is negligible. 

With cock a in a position intermediate between those shown in figures 
55 and 56, the Hempel pipette is disconnected from the extraction 
chamber. The gas in the capillary between cock a and the permanga- 
nate bulb is forced down into the latter by water from the cup. The 
remainder of the water in the cup is driven out through the left hand 
capillary, to wash the nitrous acid solution out of it. 

The disconnected Hempel pipette is gently shaken horixontally by 
hand to absorb the NO gas. The time required is twenty to forty 
seconds, depending on whether the amount of No approximates the 
minimum or maximum determinable by the method. The pipette is 
then set aside. (It may be conveniently suspended from a hook at the 
right of cock a.) 

4. Return of purified iVo gas to manometric apparatus. Before 
the No is returned to the gas chamber, the nitrous acid solution is ejected 
from the chamber, which is then washed twice by the following tech- 
nique. The mercury leveling bulb is placed in its ring at the low level, 
where it evacuates the chamber. As the mercury in the latter falls, 
10 or 15 cc. of water, but no air, are admitted to the chamber from the 
cup at its top. The bulb is then raised, and the water is ejected. 
Thirty seconds suffice for each washing.^- After the second washing 
10 cc. of water, measured in two portions from the cup, are admitted into 
the chamber, which is evacuated and shaken for one minute to remove 
the greater part of the air from the water. The extracted air is ejected, 
and 1 cc. of the water is forced up into the cup above the chamber. 

The Na gas from the Hempel pipette is now returned to the chamber. 
As shown in figure 56, the capillary between cocks a and b is filled 

In case large amounts of protein are present in the solution analyzed, deaminized 
protein is precipitated and floccules of it are likely to adhere to tie walls of the chamber 
when the nitrous acid is ejected. Such particles are dissolved by running in a few cubic 
centimeters of 5 or 10 per cent NaOH solution and raising and lowering the mercuiy and 
the alkali solution in the chamber. The latter is then wmshed twnce with water, as above 
described. 
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with water from the chamber, and a little water is forced up into the cup 
above cock g, and over into the permanganate bulb. The mercury 
leveling bulb is now lowered to its middle position, level with the bottom 
of the extraction chamber, and the Ns is admitted from the pipette to 
the chamber. The flow of gas to the chamber can be regulated either 
by cock b or by the cock (not shown in the figures) which connects the 
chamber to the mercury bulb. The writers prefer the mercury cock 
because of the nicety with which the flow of mercury, and thereby 
that of the other fluids, can be regulated. The flow is stopped and cock 
b is closed when the column of permanganate has reached the position 
shown m figure 57 in the capillary above cock b. It is preferable to get 
as little permanganate into the chamber below as possible, in order to 
have a clear water meniscus there for reading. 

The Hempel pipette is removed, the cup of the gas chamber is 
washed with water to remove permanganate that may have escaped 
into it, and about 1 cc. of mercury is run underneath water into the cup. 
As much of this mercury is run into the chamber as may be necessary 
to clear of permanganate the bore of cock b and the constricted top 
of the chamber below the cock. 

5, Measuring the nitrogen gas. The mercury in the chamber is 
lowered xmtil the water meniscus is at either the 0.5 cc. or the 2.0-cc. 
mark, according to the amount of gas present. If the gas at 2.0-cc. 
mark exerts less than 100 mm. pressure it is preferable to use the 0.5-cc. 
mark, employing a reading glass to locate the meniscus exactly on the 
line. The manometer reading pi is taken. The gas is ejected from the 
chamber without loss of liquid by the technique previously described, 
and the manometer reading pa is taken with the water meniscus in the 
gas-free chamber at the same level used for the pi reading. 

Blank analysis of reagents. A control analysis is carried out in the 
same manner, except that an equal volume of water replaces the amme 
solution. The difference pi — pa obtained in the control is the c cor- 
rection used in the calculation below. For some days or weeks after 
the sodium nitrite solution has been prepared the c correction appears 
to diminish and finally to become constant. It is convenient to set 
aside a considerable amount of nitrite solution and acetic acid on 
which the c correction has been determined, in order to avoid necessity 
of frequent ledetermination on new solutions. With Merck’s “Rea- 
gent” nitrite the c correction has been 20 to 30 mm . measured with the 
gas at 0.5 cc. volume, and one-fourth as much at 2-cc. volume. When 
there is sufficient amino nitrogen to give over 100 mm. pressure at 2-cc. 
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volume, variations of the c correction caused by ordinary variation in 
room, temperature may be neglected. For micro analysis, however, 
with gas measurements at the 0.5-cc. mark the c correction must be 
determined at a temperature near that of the analysis. 

Calculation. The pressure of No gas from the amine analyzed is 
calculated as 


Pn„ = p, - Pa - 

whence the weight of amino nitrogen in the sample is calculated as 
Milligrams of amino N = X factor. 

The values of the factor are found in table 40. 

Shortened procedure for series of analyses 

\\ hen a number of determinations are performed in succession, it is con- 
venient to change the procedure to the following: 

The above described po reading is omitted in the amine analysis, the 
latter being concluded after pi is noted. The pi reading of the blank 
analysis is taken as po for the amine analysis. Then 

= Pi - Po 

The po thus determined in the blank analysis includes the correction for 
impurities in the reagents, so that there is no c correction to subtract. 
The advantage of this procedure is that it obviates one reading with 
each analysis. The disadvantage is that the po varies with the tem- 
perature, due chiefly to effect on vapor tension in the chamber. If 
the temperature rises between the time of the blank analysis and the 
subsequent amine analysis, 1.5 mm. maybe added to po for each degree 
rise, subtracted for each degree fall. If the temperature change exceeds 
2", however, it is well to redetermine po. 

Use of modified Eempel pipette 

The details of the structure of the Hempel pipette must meet the require- 
ments stated on page 281. 

It is desirable for each day’s analyses to fill the pipette "with fresh per- 
manganate solution saturated with air at room temperature. Before the 
solution is put into the pipette, one makes certain that the solution is at 
room temperature and then whirls 75 cc. of it about the walls of an open 
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1 liter flask for one or two minutes, in order to bring it into equilibrium with 
air at atmospheric pressure. 

During the course of a series of analyses a film of manganese dioxide forms 
on the wall of the pipette near the capillary outlet. When the perman- 
ganate is renewed the film is as a rule readily detached by shaking water in 
the pipette. Film which becomes adherent is removed by washing with a 
saturated solution of oxalic acid in normal sulfuric acid. 

Theoretically one would anticipate some error from contact of the pure 
N 2 gas. left after absorption of XO, with the permanganate solution in the 
Hempel pipette. The permanganate solution is saturated, not with pure 
X 2 , but with the X 2 -O 2 mLxture of the atmosphere. The water of the per- 
manganate solution must give off some O 2 to the nitrogen bubble, and ab- 
sorb some of the No. In control analyses it is found, however, that the 
amount of such exchange which occurs decreases the volume of gas, returned 
as X'o to the gas chamber, by only about 0.0012 cc., sufficient to lower the 
pi value 2 mm., when measured at 0.5 cc. volume or 0.5 mm. when measured 
at 2.0 cc. Error even of this small extent is, however, avoided by using a 
c correction determined by the same technique, with about the same slight 
loss of N 2 . 


Determination of amino acid nitrogen in blood 

Of the nitrogenous constitutents of protein-free blood filtrates not only 
the amino acids, but also the urea reacts measurably with nitrous acid under 
the conditions of the analysis. In the time used for complete reaction of the 
a-amino acids about 7 per cent of urea nitrogen is decomposed. In human 
blood without pathological urea retention the urea nitrogen is ordinarily 
about tvdce, at most three times, the amino acid nitrogen content. Under 
these conditions the amino nitrogen can be determined without preliminary 
removal of the urea, a correction of 0.07 of the urea nitrogen being sub- 
tracted from the total nitrogen obtained by the nitrous acid reaction. 

WTien, however, there is gross urea retention, with blood urea nitrogen 
above 50 mg. per 100 cc., it is desirable for exact results to remove the urea. 
The removal is easily accomplished with urease, the resultant ammonia being 
boiled off before the amino nitrogen is determined. 

Accordingly twm procedures are described for amino acid nitrogen deter- 
mination in blood. 

Method A. For amino nitrogen in blood of normal or moderately increased 

urea content 

Five cubic centimeters of blood filtrate, prepared by the timgstic acid 
method of Folin and Wu (see precipitation of proteins, p. 65) and 
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representing 0.5 cc. of blood, are pipetted into the chamber of the gas 
apparatus and analyzed as above described- The only difference in 
detail is that in the present analysis the time of reaction, measured 
from the moment the sodium nitrite solution is run into the 
chamber to the end of the one minute shaking, must be reg- 



Fig. 58. Scale indicating reaction period for complete decomposition of alpha-amino 
acids, and 0.07 decomposition of urea, when total volume of reacting solution is See. 
From Van Slyke (50). 

ulated with regard to the temperature somewhat more carefully than 
is ordinarily necessary, in order that the proportion of urea decomposed 
shall approximate the constant value of 0.07 allowed for. The reac- 
tion periods used for different room temperatures are indicated on 
the scale of figure 58. With a stop-watch or interval timer one can 
readily control the reaction time to within ten seconds. 
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The urea content of the blood is determined independently. 

From the amino nitrogen content of the blood calculated by table 40, 
0.07 of the urea nitrogen content is subtracted, to correct for N2 evolved 
from that proportion of the urea. 

Figure 58 is constructed in accordance with the assumption that the 
speed of reaction between urea and nitrous acid obeys the usual tem- 
perature rule of time reactions at room temperature, which double 
in speed with each 10° temperature increase in accordance with the 
exponential formula 


h ^ jQ0.03(f, - g 
Si 

where di and do are the periods required at temperatures ti and t 2 for 
the reaction to proceed to a given point. This equation has been found 
to hold at least approximately for the reaction of nitrous acid with 
amino acids and urea. 

Method B. For amino nitrogen in blood of either normal or high urea content 

In this procedure the urea is destroyed with urease. It is desirable 
to use a relatively small proportion of urease in order to keep down the 
correction for amino acids in the urease preparation. 

The blood sample, 1 to 5 cc., is placed m a flask calibrated to hold 
the volume of the sample. For each cubic centimeter of blood 1 cc. 
of a 0.6 per cent KH2PO4 solution and 0.02 cc. of a 10 per cent aqueous 
solution of Squibb’s jack bean urease are added. The mixture is 
permitted to stand an hour at a room temperature of 20° or over.^^ 

The proteins are precipitated according to Folin and Wu as described 
on page 65 with the modihcation that in uremic blood enough 
extra t N sulfuric acid is added to neutralize the ammonia 
formed from the urea. If the blood urea nitrogen is 100 mg. per 100 
cc., 0.1 cc. of I N sulfuric acid is added per cubic centimeter of blood 
in addition to the 1.0 cc. ordinarily used. Otherwise some protein 

With. Squibb’s urease, made by the Van Slyke-CuUen (52) method, of the quality at 
present provided, capable of decomposing per minute nearly 0.1 mg. of urea per mg. of 
dry urease, 0.02 cc. of 10 per cent urease solution per cubic centimeter of blood suffices, 
even in uremic cases. If an enzyme preparation is used which, when standardized as 
previously described in the section on urea determination in this chapter proves to be 
much weaker, one must either use more or let it act longer. On the other hand half as 
much enzyme can be used if the digestion time is doubled, or if the temperature is raised 
to30“. 
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may come through into the filtrate. The precipitated blood mhcture is 
brought to 10-fold the volume of the blood and filtered. 

To boil off the ammonia formed from the urea, 5, 10, IS, or 20 cc. 
of filtrate are measured into a Pyrex Erlenmeyer flask of 25 to 150 cc. 
capacity and a few drops of magnesium hydroxide suspension are added, 
sufficient to make the entire solution turn white. The mixture is boiled 
for five or ten minutes in the open flask until the volume has been re- 
duced about one-half. Glacial acetic acid is then added, a drop at a 
time, until the solution turns acid and the magnesium hydroxide 
dissolves.^^ 

If 10 cc. or more of filtrate have been used the contents of the Erlen- 
meyer flask are poured into a volumetric flask and the Erlenmeyer flask 
is washed with small portions of water until the sample has been brought 
back to its original 10, 15, or 20 cc. volume. Five cubic centimeter 
portions are used for amino nitrogen determination. 

If only 5 cc. of filtrate have been boiled, the Erlenmeyer flask is 
drained directly into the cup of the gas apparatus, and the volume noted ; 
e.g., 2.7 cc. Then enough water to make this up to 5 cc. is drawn into 
a graduated pipette and is used in successive portions to wash the flask, 
whence the washings are poured into the cup of the gas apparatus, and 
then passed into the chamber. 

The blank analysis in this case includes some amino nitrogen from 
the urease, and is performed as follows: 1 cc. of the 10 per cent urease 
solution is placed in a 10-cc. flask. 0.5 cc. each of 10 per cent sodium 
tungstate and f n sulfuric acid is added, the mixture is diluted to the 
mark, shaken and, after a half hoxir’s standiug to flocculate the proteins, 
is filtered ; 1 cc. of the filtrate is diluted to 50 cc. with water. 

The bl ank analysis is performed with 5 cc. of the diluted filtrate 
instead of 5 cc. of water. 

Boiling with magnesium hydroxide is used to remove ammonia because Osborne, 
Leavenworth, and Brautlecht (26) found in analysis of hydrolyzed proteins that this 
treatment removed ammonia quantitatively without appreciably affecting the amino 
acids. Boiling with more powerful alkalies, even dilute alkali carbonates, splits off am- 
monia from some of the amino acids. Phillips’ milk of magnesia, which by titration is 
equivalent to an alkali solution of 2.7 it concentration, has proven to be a satisfactory form 
in which to use this alkali. Magnesium hydroxide is preferable to magnesium oxide 
because the hydroxide forms an even suspension, and dissolves instantly as soon as an 
excess of acetic acid is added. 

The present method gives with normal blood values for amino nitrogen about 1 mg. 
per 100 cc. higher than those obtained with the nitrous acid reaction by Bock (7) presum- 
ably because Bock used stronger alkali to boil off the ammonia. 

^ The 50-fold dilution is used only when the amount of 10 per cent urease employed has 



398 


GASOMETRIC METHODS 


Calculation. The pressure of No from amino acids in blood is calcu- 
lated as 


Pv = Pi — Po - ^ 

where c is the pi — po value determined in the above blank analysis. is 
multiplied by the proper factor in table 40. 

With the urease we have used, the c value, measured at 0.5 cc. gas volume, 
is increased several millimeters by the non-protein urease constituents. The 
effect could be diminished by using less urease and longer or warmer diges- 
tion, or by using especially purified urease, but the correction is sufficiently 
small and constant to make such refinements appear unnecessary. 

The amino nitrogen values by method B are usually 0.1 to 0.3 mg. of 
amino nitrogen per 100 cc. of blood lower than by method A . Apparently 
boiling with i\Ig (OH )2 decomposes a slight amount of some amino com- 
pound in the blood filtrate, although such treatment has been observed to 
split no ammonia from the amino acids yielded by protein hydrolysis. 

Total (free -f- conjugated) amino acid nitrogen in urine. Van Slyke (43a) 

The urea is hydrolyzed with heat and sulfuric acid to ammonia. By 
treatment with calcium hydroxide the sulfuric acid is precipitated as calcium 
sulfate and the solution is made alkaline. It is filtered and the filtrate is 
evaporated to drive off ammonia. In the solution thus freed of urea and 
ammonia the amino nitrogen is determined as described above. 

The amino nitrogen determined is both that of free amino acids and of 
amino acids combined, as in hippuric acid. 


been 0.02 cc. per cubic centimeter of blood. In blood analyses with this amount of urease, 
each cubic centimeter of blood-urease filtrate contains the non-protein constituents of 
0.2 mg. of urease preparation, whereas the undiluted blank filtrate contains per cubic 
centimeter the non-protein constituents of 50 times as much. In case more or less than 
0.02 cc. of 10 per cent urease per cubic centimeter of blood is used, the extent to which the 
blank filtrate is to be diluted will vary accordingly, being represented by the denominator 
of the fraction of a cubic centimeter of urease solution used per cubic centimeter of blood. 

The reason, in the blank analysis, for precipitating a relatively concentrated urease 
solution and (filuting the filtrate, instead of precipitating an already diluted urease solu- 
tion, is that the latter would be so extremely dilute that the proteins could not be made to 
coagulate within a practicable time. 

The boiling with magnesium hydroxide has been found unnecessary in the blank, be- 
cause Squibb’s urease is free of ammonia. 
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Reagents 

Reagents for amino nitrogen, as on page 386. 

Calcium hydroxide, liocculent finely divided powder. 
Concentrated sulfuric acid. 


TABLE 40 

F.actoes for Calculation of Amino Xitrogen (from Van Slake (50)) 

FACTORS BY WHICH MILLIMETERS OF 

FACTORS BY -AHICH MILLIMETERS OP P\„ ARE P\;„ ARE MULTIPLIED TO GIVE 

MULTIPLIED TO GIVE MILLIGRAMS OF MILLIGRAMS OF AMINO N PEE 100 CC. 

temperature amino .V IN SAMPLE AN.AIYZED BLOOD V.'HEN FILTRATE SAMPLE 

: IS EJL'IVALE.NT TO 0.5 CC. BLOOD 



a = 0.5 cc. 

1 a = 2.0 cc. 

i a = 0.5 cc. 

"C. 

15 

! 0.000390 

! 

! 0,001561 

0.0780 

16 

! 389 

j 55 

777 

17 

i 387 

49 

774 

IS 

i 386 

44 

772 

19 

1 385 

38 

769 

20 

1 383 

33 

766 

21 

382 

! 27 

763 

22 

00 

o 

! 22 

761 

23 

1 379 

16 

75S 

24 

j 378 

11 1 

756 

25 

376 

06 

, 753 

26 

375 

00 

750 

27 

374 

0.001495 

748 

28 1 

372 

90 

745 

29 1 

371 

85 

743 

30 

370 

80 

740 

31 

368 

74 

737 

32 

367 

69 

734 

33 i 

366 

64 

732 

34 I 

365 

59 

730 


Procedure 

If the urine contains albumin it is removed with tungstic acid as 
described on page 535 of the nitrogen chapter. Otherwise the protein 
would be hydrolyzed by the subsequent heating with sulfuric acid, and 
the nitrogen of its amino acids would be determined. 

25 cc. of urine in a 75 cc. Pjrex test tube are mixed with 1 cc. of con- 
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centrated sulfuric acid. Each tube is covered with tin foil and placed 
in a high pressure autoclave. The tubes are heated at 150°, inside 
temperature of the autoclave, for one-half hour. If the type of auto- 
clave is used which is heated by partial immersion in an oil bath, the 
temperature of the bath should be about 180°. The hydrolyzed urine 
is transferred to a 50-cc. flask and 2 grams of the calcium hydroxide are 
added. The mixture is thoroughly shaken, made up to 50-cc. volume, 
and filtered through a dry folded filter. Twenty cubic centimeters of 
the alkaline filtrate are pipetted into a porcelain, or Jena or Pyrex glass, 
dish of about 50-cc. capacity, and concentrated to dryness on a steam 
bath. The concentration to dryness requires about a half-hour. The 
residue is moistened with 2 or 3 cc. of water and 0.5 cc. of glacial acetic 
acid and is stirred to bring the small amounts of calcium hydroxide and 
carbonate into solution. The solution is transferred to a 25 cc. volu- 
metric flask and made up to volume with washings from the dish. 

Of the solution 5-cc. portions, equivalent to 2 cc. of urine, are used 
for determination of amino acid nitrogen as described on pages 387--3Q3, 

The above method of preparing the urine for the analysis can not be used 
if glucose is present. It would combine with ammonia during concentration 
in alkaline solution and form non-volatile amines which would cause the 
results for amino nitrogen to be too high. 

If urine contains glucose it is freed of sugar by treatment with copper 
sulfate and calcitun hydroxide as described in the method for urinary 
acetone bodies on page 626. The filtrate, containing 10-fold diluted 
urine, can then be autoclaved and otherwise treated as above described. 
In this case, since the sample has been so much diluted, it will be 
desirable, after the filtrate of hydrolyzed urine has been concentrated 
to dryness, to take 10 cc. instead of 5-cc. portions of the final solution 
for analysis in the manometric apparatus. Each 10-cc. portion in this 
case represents 0.4 cc. of urine. 

Presumably instead of an autoclave one could hydrolyze the urine in the 
special pressure tubes devised by Leiboff and Kahn for hydrolysis of the urea 
in blood filtrates. These are described on page 560 of the urea chapter. 
Because of the great amounts of CO 2 generated however, it would not be safe 
to hydrolyze undiluted urine in such tubes. A 3 per cent urea solution 
would generate something like 15 atmospheres of CO 2 pressure. If the 
urine were 10-fold diluted before hydrolysis the tubes would presumably 
stand the pressure. 

For free amino acid nitrogen in urine see appendix. 
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MICRO DETERMINATION' OF lODATES AND SULFATES, AND ITS APPLICATION 
TO THE ESTIMATION OF TOTAL BASE IN BLOOD SERUM. VAN 
SLYKE, HILLER .YND BERTHELSEN (58) 

Fiske (10) developed for determination of the total base in urine a pro- 
cedure in which the phosphates were removed by precipitation with ferric 
hydro.xide, and the residue was ignited with sulfuric acid, turning all the 
bases into sulfates. The SO 4 was then determined by precipitation and 
titration of benzidine sulfate. 

In the gasometric method Fiske’s procedure is followed to the point where 
the SO4 is determined. Here a different procedure is used whereby the alkali 
sulfates from 0.16 cc. of serum can be determined as exactly, and somewhat 
more conveniently, than the sulfates from 1.0 cc. of serum by the benzidine 
procedure. The gasometric method is based on two reactions. The alkali 
sulfates are first shaken with an excess of pulverized barium iodate. This is 
classed as an insoluble salt, but barium sulfate is so much more insoluble that 
a double decomposition occurs, iodate going into solution and sulfate being 
precipitated. 

( 1 ) XaoS 04 + Ba (IOd). 2 XalOj + BaS 04 

The mixture is then filtered through a dry filter, and an aliquot of the fil- 
trate is pipetted into the manometric gas apparatus in which an excess of 
alkaline hydrazine solution has already been placed. An instantaneous and 
quantitative reaction occurs, according to the reaction 

(2) 2 NalOa + 3 N 2 H 4 = 2 Nal + 3 N, + 6 H^O* 

If reaction (1) went completely from left to right, as does reaction (2), 
1 mol of SO4 would yield 3 mols of N^, and 1 combining equivalent of SO4 
would yield 1.5 mols of N 2 . Then SO4 could be calculated from N 2 
simply as : 

(3) (Stoichiometric.) Equivalents SO 4 = — = 0.667 X mols No. 

1.5 

However, reaction (1) does not go completely from left to right. The 
difference in solubility between BaS 04 and Ba ( 103)2 is not quite great 
enough to cause a complete reaction. Equilibrium is reached when there is 
still a significant part of the SO4 in solution not replaced by IO3. The actual 
relationships are given by figure 59 and by empirical Equation 4 with a 
somewhat larger factor for N 2 , and an added term. 

• 4 ) (Actual) Equivalents SO4 per liter = 0.724 X (mols N2 yielded per liter) + 1.123 

* This reaction has been used by Riegler (30) for gasometric determination of iodate. 
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This empirical linear equation is exact when the reaction between Ba 
( 103)2 and alkali sulfate is carried out within the usual range of room tem- 



Milii-ec|Tjivaleflt5 erf ^ui^dte per liter of solution an'diyzed 

Fig. 59. Relationship between SO 4 present and N 2 liberated by iodate. From Van 
Slyke, Hiller, and Berthelsen (58). 

perature, with SO4 concentration between 3 and 15 milli-equivalents per 
liter, pH between 3 and 7 , and in the absence of salts other than sulfates. 
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Reagents 

Sulfuric acid, concentrated. 

Mirk acid, concentrated. 

4 -v ammonium hydroxide, approximate. Dilute 1 volume of concentrated 
ammonia solution 4-fold. 

1 .V sulfuric acid, approximate. Dilute 27 cc. of concentrated sulfuric 
acid to 1 liter. 

Ferric ammonium sulfate. 3. IS grams of ferric alum in 100 cc. of water. 

0.1 X ammonium hydroxide, approximate. 

Phenol red indicator solution. 0.1 gram of the dry powder is ground in a 
mortar \wth 5.7 cc. of 0.05 N sodium hydroxide. When solution is com- 
plete, dilute to 250 cc. 

Acetic acid solution, 0.2 per cent. 

Barium iodate, pulverked (Kahlbaum’s has been found satisfactory). 

Hydrazine solution. IMix equal volumes of saturated aqueous solution of 
hydrazine sulfate and 40 per cent sodium hydroxide. The hydroxide solu- 
tion, 40 grams NaOH per 100 cc., is prepared from purest sodium 
hydroxide. 

Procedure 

Ashing with H^SOi and HNOz, Measure 1 or 0.5 cc.of serum into 
a large Pyrex or silica test-tube (25 X 200 mm.) which has been pre- 
viously calibrated at 25 cc. The tube is constricted to 10 or 12 mm. 
diameter at the calibration mark. Add 0.5 cc. of concentrated sulfuric 
acid, 1 cc. of concentrated nitric acid and a glass bead. Digest until 
a dark brown color appears, remove the tube from the flame, and while 
hot add more nitric acid, a drop at a time, and digest again. Repeat 
this process two or three times, until the liquid is perfectly clear and 
all brown fumes have been driven off. 

Removal of phosphoric acid. Cool, dilute to about 10 cc. with 
distilled water, add 1 drop of phenol red. The phosphates are removed 
as described by Stadie and Ross (see chapter on determination of total 
base in blood and urine). Neutralize with 4 m amm onium hydrox- 
ide, then render just acid with a few drops of normal sulfuric acid. 
Add 1 cc. of ferric ammonium sulfate solution, and 0.1 n ammonium hy- 
droxide till the full red alkaline color of the indicator develops. Dilute 
to the 25-cc. mark, and filter through a dry ash-free filter paper. 

Ignition of sulfates. Transfer 20 cc. of the filtrate to a silica or 
Pyrex dish, add 1 drop of concentrated sulfuric acid, and evaporate to 
dryness on the steam bath. When as dry aspossible, heat slowly on an 
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electric stove, bringing the stove finally to full heat until all of the sul- 
furic acid is driven off. Then heat fifteen minutes in the full flame 
of a triple Bunsen burner. To the residue in the dish add exactly 10 
cc. of the acetic acid solution. 

Reaction of sulfates with barium iodate. When the residue 
has gone into solution, pour the solution into a Pyrex test-tube 15 X 
2 cm., add 0.25 gram of barium iodate, stopper tightly, and shake 
vigorously for one hour in a shaking machine. 

Gasometric determination of dissolved iodate. Filter through 
a dry ash-free filter paper and estimate the iodate in the filtrate with the 
manometric gas apparatus. The apparatus, before the first analysis, 
is rendered gas-free by shaking one minute with about 2 cc. of the 
hydrazine solution mixed with 2 cc. of distilled water. The gas formed 
and the solution are expelled from the apparatus, which is now ready 
for the analysis. (If hypobromite has been used in the apparatus, it 
will be necessary to clean the chamber and the tube below it with a 
strong solution of sodium bromide; see p. 413.) Exactly 2 cc. of the 
hydrazine solution are run into the apparatus through a mercury seal 
as shown in figure 52. Through the same mercury seal there are then 
added exactly 2 cc. of the filtrate to be analyzed. The cock of the gas 
apparatus is sealed with a drop of mercury in the usual way and the 
chamber is evacuated until the mercury in it falls to the 50-cc. mark. 
The chamber is then shaken from one to one and one-half minutes. 
The gas volume is brought to 2 cc.; the pressure on the manometer 
and the temperature are recorded. The manometer reading is pi in 
the calculation. 

Blank. Run through the whole procedure using all reagents and 
processes described, omitting the serum. The manometer reading in 
the blank is po in the calculation. Blanks are run with each group of 
determinations made in the gas apparatus. The blank corrects for 
impurities in the reagents, for the amount of air dissolved in the 
hydrazine and iodate solutions (this air is extracted and measured with 
the 1^2 from the iodate), and also for the slight amount of barium iodate 
which dissolves, by virtue of its slight but measurable solubility, inde- 
pendently of the reaction with the alkali sulfate. 

Calculations 

The pressure at 2-cc. volume of the No formed by action of iodate on 
hydrazine is 


Pjf, = pi ~ pa 
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From Py 2 the base content of the serum is calculated by equation 5 
(5) Milli-equivalents base per liter serum = (4.525/ X -Py, + 14.0) 


TABLE 41 

Values or 0.724/ and 4.525 / for Use in Calculation of SO4 .and Serum Total B.ase 
(Van Slyke, Hiller .and Berthel-Sen (58)) 


TEilPER.^TURE 

/ 

0 . 724 / 

4 . 525 / 

°c 

15 

0.1113 

0.0806 

0.504 

16 

09 

03 

02 

17 

05 

00 

00 

18 

01 

0.0797 

0.498 

19 

0.1097 

94 

96 

20 

93 

91 

95 

21 

89 

88 

93 

22 

85 

86 

91 

23 

81 

83 

89 

24 

77 

80 

87 

25 

74 

78 

86 

26 

70 

75 

84 

27 

67 

72 

83 

28 

63 

70 

81 

29 

59 

67 

79 

30 

55 

64 

77 

31 

52 

62 

76 

32 

48 

59 

74 

33 

44 

56 

72 

34 

41 

54 

71 


/ = factor, from table 30 of this chapter for calculating moles Nsper liter solution when 
the gas is extracted from a 1-cc. sample and the pressure is measured with the gas at 
2-cc. volume. 


If only 0.5 cc., of serum is used as the original sample, the calculation 
becomes 

(6) Milli-equivalents base per liter serum = 2 (4.525/ 4- 14.0) 

The calculation of SO 4 and total base from observed nitrogen pressures 
may be facilitated by the use of a table with values of 0.724 / and 4.525 / 
respectively. These values are accordingly given in table 41. 
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Examtie of calculation of total serum base. The value of pi — po is 280 mm. at 20°, 
1 cc. of seru.m having been ashed. Using the factor 0.495 from the last column of table 41 , 
%ve obtain 

Alilli-equivalents base per liter of serum = 0.495 X 280 + 14 

= 138.6 -h 14 

= 152.6 

Equations 5 and 6 and the factors in table 41 have been derived as follows. If we call 
f the factor from table 30 which gives millimoles of N: per liter of solution analyzed, when 
the pressure of X 2 from a 1 cc. sample is measured at 2 cc. volume, then we have, using F 
in place of Fy-j, 

P f 

( 7 ) X, = millimoles of X-> from 1 liter filtrate = 

' ■ cc. sample 

where P is the pressure difference pi — pa observed in the analysis and “cc. sample” is the 
cubic centimeters of filtrate (2 cc.) pipetted into the apparatus. We substitute this value 
of X: into equation 4 in order to obtain directly the relationship between the observed 
manometer pressure and the SO 4 content of the original solution. We thus obtain for 
the special case in which the sample is 2 cc., 

0.724 f P 

( 8 ) Alilli-equivalents of SO 4 per liter = f- 1.123 

= 0.362/ P + 1.123 

One liter of the final sulfate solution obtained by the procedure for total base determina- 
tion described above, when 1 cc. of serum is used, is equivalent to 80 cc. of serum. Hence, 
for this special case, we multiply the observed SO4 miUi-equivalent concentration of the 
1000 .... 

analyzed final solution by to obtam the milli-equivalentsof total base (combined with 

the SO 4 ) per liter of serum. Multiplying the right hand member of equation 8 accord- 
1000 

ingly by we obtain equation 5. WTien only 0.5 cc. of serum is used the factors are 
SO 

doubled, as in equation 6 . 

REDUCING SUGARS IN BLOOD. VAN SLYKE AND HAWKINS (54) 

The methods described below depend on the quantitative reduction of 
potassium ferricyanide by sugar in an alkaline solution, and the manometric 
deb^nination of the nitrogen evolved when the excess ferric salt is permitted 
to react with hydrazine 

4 Fe+++ + N2H4 — > 4 Fe++ -f- -f 2 H 2 O 

The method gives accurately reproducible results, is rapid, requires only 
simple and stable reagents and no standards. Oxalate and fluoride used as 
anticoagulants in blood do not interfere. The blood sugar determinations 
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are made after removal of proteins by the Folin-Wu tungstic acid precipi- 
tant, the sulfuric acid, sodium tungstate, and water added to the blood, 
being for convenience combined into one solution, as described on pages 
66-67 of chapter II. 

One determines in a control analysis without sugar the pressure 
exerted by the Na evolved when all the ferricyanide in the reagent reacts 
with hydrazine in the gas apparatus. The diminished pressure, pi, is then 
determined which is exerted by the No evolved from reaction of hydrazine 
with the amount of ferricyanide left unchanged after part has been reduced 
to ferrocyanide by the sugar. The pressure difference, po ~ pi, is propor- 
tional to the amount of sugar present. Contrary to most analyses in the 
manometric apparatus, the zero reading in this case is near the top of the 
manometer; the more sugar there is in the sample the lower is the manometer 
reading obtained in its analysis, because the sugar destroys the ferricyanide, 
of which the Nj pressure is a measure. 

Ferricyanide as a regent for determining reducing sugars has an advantage 
over copper reagents, in that the ferrocyanide produced by reaction with 
sugar is not readily reoxidized by the air. The ferricyanide solution par- 
tially reduced by heating with sugar may be permitted to stand for several 
hours at room temperature in contact with air without influencmg the results 
obtained when the analysis is completed by determination of the excess 
ferric iron. Under the conditions of the analyses described below Van 
Slyke and Hawkins found that about 7 moles of ferricyanide are reduced by 
1 mole of glucose, the exact figure depending somewhat on the conditions of 
the analysis. 

Hagedorn and Jensen (14) first made use of the reduction of potassium 
ferricyanide for the determination of blood sugar. Ray and Sen (29) have 
shown that potassium ferricyanide reacts quantitatively with hydrazine 
in an alkaline solution, liberating free nitrogen gas according to the above 
equation. 


Macro determinatwt of sugar in blood 

This determination is performed with a volume of Folin-Wu blood filtrate 
equivalent to 0.3 cc. of blood. It is called the macro method to differentiate 
it from the micro method described later, which requires stiU less material. 

Reagents for macro blood sugar detennmafion 

Potasshm ferricyanide reagent. Eight grams of purest potassium ferri- 
cyanide, 75 grams of anhydrous potassium carbonate, and 75 grams of potas- 
sium bicarbonate are dissolved in water and made up to 1 liter. 
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The potassium carbonate and bicarbonate are dissolved in approximately 
750 cc. of warm distilled water. The potassium ferricyanide is dissolved in 
about 100 cc. of distilled water and added to the carbonate-bicarbonate solu- 
tion. After the mixed solution has cooled to room temperature it is made up 
to a liter with distilled water and filtered. Filtration is necessary even 
though the solution appears perfectly clear. The solution is kept in a dark- 
colored, glass stoppered bottle. It will keep indefinitely in the dark. The 
reagents do not need to be weighed with any great degree of accuracy, as 
the control that is run when sugar determinations are made determines the 
amount of ferricyanide present. (See page 462 for discussion of purification 
of ferricyanide.) 

Alkaline hydrazine solution. A saturated solution of hydrazine sulfate 
is made by dissolving 25 gm. of the substance in 500 cc. of warmed water 
and letting the excess crystallize out on cooling. 

A 40 per cent solution of the purest grade NaOH is prepared by dissolving 
200 grams in water and diluting to 500 cc. Merck’s ‘‘Reagent sodium hy- 
droxide from sodium” has proven satisfactory.* Some other commercial 
preparations have been found to contain impurities which affect the results. 

The alkaline hydrazine solution is made by mixing equal volumes of the 
saturated hydrazine sulfate and of the 40 per cent sodium hydroxide solu- 
tion. The mixed solution kept at room temperature has shown no deteriora- 
tion within three months. How much longer it will keep has not been 
ascertained. 


Procedure for macro blood sugar determinations 

Precipitation of blood proteins is effected by the tungstic acid 
method with combined Folin-Wu reagents, see pages 66-67. 

Reduction of ferricyanide by blood filtrate. Three cubic centi- 
meters of filtrate are pipetted into a Pyrex test-tube (14 by 125 mm. 
outside measure) followed by 1.5 cc. of ferricyanide solution.^® Both 

It is necessarj’’ to use a special 1.5-cc. pipette, with stem of 1-mm. bore, for precise 
measurement of the ferricyanide. Such pipettes can be obtained from the makers of the 
manometric apparatus. In case 1.5-cc. pipettes are not at hand, 1 cc. of a ferricyanide- 
carbonate solution containing, per liter, 12 grams of KsFeCCNls, 100 grams of K 2 CO 3 , and 
100 grams of ILHCO3 may be added from a 1-cc. Ostwald pipette with a capillary stem. 
It is advisable to use the same pipette for the control analysis, in which pa is determined, 
and for the unknown. If this is done the final result is unaffected by any error in the 
calibration of the pipette. WTien only 1 cc. of the above 1.2 per cent ferricyanide solution 
is added, instead of the usual 1.5 cc. of 0.8 per cent ferricyanide, the factors in table 42 
for the macro blood method require multiplication by = 0.909, in order to apply, 
since the 3 cc. of filtrate are diluted only to 4.0 instead of 4.5 cc. with ferricyanide reagent; 
e.g., the factor for 20“ is thus changed from 1.457 to 1.325. 
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solutions must be measured accurately from Ostwald bulb pipettes with 
capillary stems. The f erricyanide solution should be added last, in order 
to facilitate its mixture with the lighter filtrate. The tube is closed by 
a 1-hole rubber stopper (fig. 60) through which passes a capillary tube 
2 cm. long of 0.6 mm. bore. The tube is shaken gently to mix the two 
solutions, and is then imm ersed for twenty minutes in a boiling water 
bath. Usually a series of tubes is heated at once; it is convenient to 
use a cylindrical copper rack^'' such as is employed by bacteriologists to 
hold similar tubes. The solutions are cooled by immersing the rack 
and lower halves of the tubes in cold water for about three minutes and 
then in water at room temperature. 



Fig. 60. Test tube for reduction of ferricyanide by sugar. From Van Slyke and Haw- 
kins (55). ' 


After they reach room temperature the solutions are resaturated 
with air by shaking them vigorously for one minute. Six or eight tubes 
are clasped with the fingers so that the tops of the tubes are in the palm 
of the hand. This insures against the stoppers coming out and also 
prevents warming the solutions by the heat of the hand. The capillary 
openings through the stoppers must not be closed. They permit the 
air, driven out during the heating, to reenter when the tubes are cooled 
and shaken, while the narrowness of the bore prevents more than an 
occasional drop of solution from passing out and being lost. The loss 
of a drop or two does not matter, since an aliquot of the solution is used 
for the final analysis. Aiter the solutions are thus aerated it is advis- 

These copper racks may be obtained from Eimer and Amend, New York, catalogue 
No. 32002, or from Arthur H. Thomas Company, Philadelphia, catalogue No. 9488. 
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able to let them stand until analyzed in a beaker of water at room tem- 
perature to prevent sudden temperature changes. 

It is essential that the resaturation with air shall be complete : the 
amount of dissolved air in the solution exerts about 60 mm. of pressure 
in the subsecjuent manometer readmgj and it is essential to have it the 
same in the control tube and all the filtrate tubes. In practically every 
case in which analysts to whom we have given this blood sugar method 
have had trouble with it, the cause has been failure to make the resatu- 
ration with air complete. In consequence the solutions in the tubes 
continue to absorb air slowly as they stand waiting for the gasometric 
analysis, and those tubes with blood filtrate which stand longer than 
the control register less fall in N 2 pressure than they should, and 
therefore yield lower sugar values. 

The fenicyanide present in the reagent is enough to oxidize 350 mg. 
of glucose per 100 cc. of blood. If more is present the filtrate plus 
ferricyanide solution will, after heating, be entirely colorless, all the 
yellow ferricyanide having been reduced to colorless ferrocyanide. In 
such a case another portion of blood filtrate is diluted with an equal 
volume of water and the analysis is repeated with the diluted filtrate. 
In calculating the results the factors in table 42 must then be doubled. 

Gasometric determination of excess ferricyanide Sufficient 
alkaline hydrazine solutionis run from the cup of the manometric appara- 
tus down into the mercury-filled chamber to reach exactly to the 2-cc. 
mark on the chamber. The stop-cock of the chamber is closed and the 
excess hydrazine solution is sucked out of the cup, in which 1 to 2 cc. 
of mercury are then placed. Through this mercury seal 3 cc. of the 
previously heated and reaerated sugar-ferricyanide solution are then 
measured into the chamber of the apparatus from a rubber-tipped stop- 
cock pipette as described above (see figure 52). The stop-cock is 
sealed by admitting just enough mercury to fill its bore; mercury drops 
are not permitted to stream down through the solution in the chamber, 
as they might reduce an appreciable amount of the ferricyanide solution 
before it is mixed with the hydrazine. The mercury in the chamber is 
lowered to the 50-cc. mark. When the ferricyanide and hydrazine 
solutions mix, their reaction is practically instantaneous, as evidenced 
by the ebullition of nitrogen gas. The evacuated chamber is shaken 
rapidly 1 minute to complete the evolution of the gas and the volume of 
the latter is then reduced to 0.5 cc. (If the chamber is shaken slowly 
one and one-half minutes may be needed.) The pressure in the 
manometer is read, p,, if a blood filtrate is analyzed, po if the determina- 
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TABLE 42 


Factors by Which N2 Pressure Fail, pa — pi , in ^Millimeters is Multiplied to 
Calculate Reducing Sugar oe Blood or Urine in Terms of Glucose (from 
Van Slyke and Hamkins (54))* 



j BLOOD ANALYSES. GAS PBES3CEE3 

USDiE .AN.ALYSES. GAS PEESSUSES 


1 MEASCKED AT 0.5 CC. VOLUME 

ME-ASUEED AT 2.0 CC. VOLUME 

TEUPERATL'BE 

Factors to calculate milligranis of sugar 

Factors to calculate grams of sugar 

GAS CHAMBER 

per 100 cc. blood 

per liter urine 


Ifacro blood* 
method 

Micro blood 
method 

Urine diluted 1:20 

Urine diluted 1:50 

°c. 





10 

1.508 

4.37 

0.136 

0.340 

11 

03 

5 

5 

0.338 

12 

1.498 

4 

5 

7 

13 

93 

2 

4 

6 

14 

87 

1 

1 

4 

5 

15 

82 

4.29 

4 

4 

16 

77 

8 

3 

2 

17 

72 

7 

3 

1 

18 

67 

5 

2 

0 

19 

62 

3 

2 

0.329 

20 

57 

2 

2 

8 

21 

52 

1 

1 

7 

22 

47 

4.19 

1 

6 

23 

42 

8 

0 

5 

24 

37 

6 

0 

4 

25 

32 

5 

0.129 

2 

26 

28 

4 

9 

1 

27 

23 

2 

9 

0 

28 

18 

1 

8 

0.319 

29 

14 

4.09 

8 

8 

30 

09 

8 

7 

7 

31 

04 

7 

6 

6 

32 

00 

5 . 

6 

5 

33 

1.395 

4 

6 

4 

34 

91 

3 

5 

3 


* In case a blood filtrate, because of great sugar content, is diluted twice as much as 
prescribed in the directions for usual analyses, the value of the factor F in the table is 
doubled. To calculate blood sugar in grams per liter (= mg. per cc.) the factors for 
blood analyses in the table are divided by lOO. 
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tion is that of the control without sugar. The solution is then ejected 
from the chamber and the apparatus is ready for the next determination. 

PrelifnirKiTy detcTmincitioTi of /3o« The control determination is 
performed with 0.9 per cent NaCl solution in place of the blood filtrate, 
because this solution has the same solvent power for air as the Folin-Wu 
filtrate. The dissolved air provides part of the pressure observed in 
the analysis, and hence must be equal in determination of po and pi. 
In all details, heating, aeration, etc., the control determination is carried 
through exactly like the analysis of the blood filtrate, described below. 
One control provides the po for an entire series of blood analyses. 

TABLE 43 


Correction to pa eor 1° Teuperature Change* {from Van Slyke and Hawkins (54)) 
FOR Use V’ith Calculations by Table 42 


TEMPEH-A- 

TCEE 

RANGE 


UACEO SLOOD ANALYSES 

MICRO BLOOD ANALYSES 

URINE ANALYSES 

INCEE.ASE 

OF VAPOR 
TENSION' OF 
WATER PER 
r TEUPERA- 
TCEE RISE 

Increase 
of Xj 
pressure of 
control 
analysis 
per 1° tem- 
perature 
rise 

Total pa 
correction 
per 1° 
tempera- 
ture 
change 

Increase 
of Xe 
pressure 
of control 
per 1° tem- 
perature 
rise 

Total pa 
correction 
per 1° 
tempera- 
ture 
change 

Increase 
of Na 
pressure 
of control 
per 1° tem- 
perature 
rise 

Total po 
correction 
per 1° 
tempera- 
ture rise 



mm. 

mm. 

mm. 

mm. 

mm. 

mm. 



l.O 

1.7 

0.5 

1.2 

1.1 

1.8 



1,0 

2.2 


1.7 

1.1 

2.3 



1.0 

2.6 


2.1 

1.1 

2.7 


* Add correction to pa if temperature, observed at py reading, is higher than that at the 
pa reading; subtract correction if temperature at pi reading is lower than at pa reading. 
The “total pa correction” in each case is the sum of the rise in vapor tension given in the 
second column plus the increase in N* pressure of the control per 1° temperature rise. 


Calculation of results of macro blood analysis 

The po ~ pi reading multiplied by the proper factor from table 42 gives 
directly the blood sugar in milligrams per 100 cc. 

If the temperature, observed on the thermometer in the water jacket of 
the extraction chamber, has changed at the time of the pi reading from the 
temperature at the po determination, the po value used in the calculation is 
corrected as indicated by table 43 . 

Remarks on gaso7netric technique. It is not necessary to wash the chamber 
of the gas apparatus bet'ween the successive determinations of a series. A 
great excess of alkaline hydrazine solution is used for each determination and 
effectively cleans the chamber for the next. The gasometric determinations 
in a series can be run off at the rate of one every three minutes. 
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It is necessary that the hydrazine and ferricyanide-sugar solutions be run 
into the chamber of the gas apparatus in the order directed, the hydrazine 
first, then the ferricyanide-sugar solution. When thus added, the two solu- 
tions divide into layers, with the heavier alkaline hydrazine solution remain- 
ing on the bottom in contact with the mercury. The ferric 3 'anide is com- 
pletety reduced by the hydrazine before coming into contact with the 
mercury. If the ferric^'anide were added first, contact with the mercur\' in 
the chamber would partially reduce it before it mixed with the hydrazine. 

Before a series of determinations is started it is advisable to run 2 or 3 cc. 
of the alkaline h^’^drazine solution into the chamber of the gas apparatus and 
evacuate and shake the latter for two or three minutes, in order to make 
sure that there are no impurities present which can oxidize hydrazine. 

This treatment has sufficed to prepare the apparatus after any previous 
use except micro-Kjeldahl or urea anal 3 ’’ses by the h\’pobromite method. 
The mercuric bromide which apparently clings to the walls of the chamber, 
or to the rubber connecting tube below it, reacts Avith hydrazine for a long 
time. This bromide is readily dissolved by a strong solution (saturated to 
half saturated) of sodium bromide. Ten or 15 cc. of the latter are run into 
the chamber of the gas apparatus, and the mercury is lowered until the solu- 
tion appears in the glass tube below the flexible rubber joint underneath the 
chamber. If the apparatus has been used for many analyses with hypo- 
bromite, it may be necessary to let the sodium bromide solution stand 
thus in it for 2 hours. The chamber is then washed with distilled water and 
wdth alkaline hydrazine solution. 

Scale for direct readhig of sugar values 

Calculation can be obviated by preparing on a strip of millimeter paper a 
scale on which, when it is fastened beside the manometer tube, sugar per- 
centages can be read off directly from the level of the mercur\' column at the 
time of Px readings. Such a scale is theoretically exact only for one tem- 
perature. However, if two scales are prepared, one for 20° and one for 25°, 
they can be used to cover the temperature range from 17.5° to 27.5°, with a 
maximum error of less than 1 per cent. 

If, for example, a scale is prepared for the macro blood sugar method at 
20°, an interval indicating 10 mg. per cent of blood sugar corresponds to 

= 6.86 mm. (see table 42). The scale is made for sugar values up to 

1.4o7 

350 mg. per cent by marking off 35 intervals, at 6.9, 13.7, 20.6 . . . .,etc. 
mm. from the top, and marking the points 10, 20, 30 ... . etc., showing the 
milligrams per cent of blood sugar indicated by each point. Each 10 mg. 
interval is divided into five subdivisions indicating differences of 2 mg. per 
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q£ su^sr. T1 i6 5C3-1g is 3.tt3.chcci by s> piece of 3^ciliesive f3«pe or otber 
temporary fastening device to the board beside the manonieter tube. The 
zero point at the top of the scale is placed level with the po reading found 
on the manometer. Then, vrhen a sugar-ferricyanide solution is analyzed, 
the reading on the scale opposite the mercury meniscus indicates at once the 
milligrams per cent of blood sugar. 

Micro method for sugar determination in 0.2-cc. samples of blood 
Reagents 

Ferrievanide solniion. This contains, like the above ferricyanide, 75 
grams each of KnCOa and KHCO3, but only 4 grams of K3Fe(CN)6, per liter. 

Alkaline hydrazine solution. Same as above. 

Tungstic acid solution. Two volumes of the combined solution of sodium 
tungstate, sulfuric acid and water, for the precipitation of blood proteins 
(see p. 66-67) are diluted with 3 volumes of distilled water. 

Procedure for micro blood sugar analyses 

Measuring blood sample and removing proteins. When sam- 
ples of capillary blood are to be analyzed by the micro method, a sufficient 
number of rubber stoppered centrifuge tubes is prepared, each contain- 
ing 5 cc. of the dilute tungstic acid precipitating reagent described 
above. The blood drops forming on the incised finger or ear lobe are 
drawn by capillary attraction into a dry capillary pipette calibrated to 
contain 0.200 cc. The pipette is at once emptied into one of the test- 
tubes and is rinsed twice by drawing the tungstic acid up into it. The 
test-tube is then stoppered and shaken. After any convenient interval 
the tube is centrifuged for five minutes. The 0.200 cc. pipette is made 
from a capillary tube of about 1-mm. bore, and is calibrated to contain 
0.200 cc. by weighing 2.69 grams of mercury in the dry pipette (see 
‘“calibration with mercury” and figure 4, chapter I). 

Analysis of blood filtrate. The tip of a simple blood pipette, 
calibrated to deliver 3 cc., is covered with absorbent cotton to serve as a 
filter, a point of technique introduced by Somogyi (36). The cover is 
prepared by placing the tip of the pipette on a small, thin square of 
absorbent cotton held in the fingers of one hand, and twisting the pipette 
until the cotton is wound tightly about the tip. Through this filter 
the pipette is filled with supernatant solution from the centrifuge tube. 
The filter is then removed from the pipette tip and 3 cc. of filtrate are 
delivered into a Pyrex glass test-tube (14 X 125 mm.). 1.5 cc. of the 

ferricyanide reagent are then added. 
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A control tube is set up containing 1.5 cc. of the ferricyanide reagent 
and 3.0 cc. of a 0.4 per cent solution of sodium chloride. 

The procedure from this point is exactly the same as in the macro 
method described above. 

Determination of sugar in blood containing ether 

The blood from an anesthetized subject may contain enough ether 
to give a vapor pressure of 40 to 50 mm. when the Folin-Wu filtrate, 
after reaction with ferricyanide, is shaken in the Van Slyke-Neill 
apparatus. The effect is to make the sugar results come out too low; 
i.e., pi is too high on account of the ether, hence po — pi, which serves 
as a measure of the sugar, is made too small. 

• The error is prevented as follows : A mark is etched to indicate 3 cc. 
content on the small test-tube used for the reaction of ferricyanide with 
blood filtrate. After the 3 cc. of filtrate have been placed in the tube, 
the fiOltrate is heated with a micro burner and is boiled for two minutes 
to drive off the ether. The filtrate is then cooled and is diluted back 
to the 3-cc. mark. 

Or if more convenient, the tube may be weighed to within 0.01 gram 
before the boiling; the water which has been driven off is then replaced 
by weight. 

After the ether has been driven off and the water replaced, the tube 
is cooled to room temperature, ferricyanide reagent is added, and the 
analysis is continued as usual. 

FERMENTABLE SUGAR IN BLOOD BY YEAST METHOD. VAN SLYKE AND 

HAWKINS (55) 

Removal of blood protains. The blood proteins are removed with 
the modification of Folin and Wu’s tungstic acid procedure described 
in the preceding section on manometric blood sugar determination. 

Removal of fermentable sugar from blood filtrate. From one 
portion of the filtrate, conveniently about 10 cc., the fermentable sugar is 
removed' according to Somogyi. Van Slyke and Hawkins applied the 
procedure as follows (see also general chapter on sugar determinations) : 

A portion of Fleischmann’s yeast cake is pulverized and suspended . 
in 4 times its weight of water. Of the suspension a volume, approxi- 
mately equal to.,that of the blood filtrate sample to be fermented, is 
placed in a centrifuge, tube and washed five tunes by repeated centri- 
fugation and decantation. After the last centrifugation the water is 
decanted as completely as possible, and the water film adherent to the 
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walls of the tube above the packed cells is removed with a roll of filter 
paper. Adherent water remaining between the cells is not sufficient 
to dilute significantly the blood filtrate. The blood filtrate is added to 
the yeast packed in the centrifuge tube. Filtrate and yeast are mixed 
and permitted to stand at room temperature for fifteen minutes. The 
mixture is then centrifuged. 

Determination of total and unfermentahle blood sugar. 
Portions of 3 cubic centimeters of the supernatant fluid obtained by the 
yeast treatment are analyzed as described above for macro blood sugar 
determinations. Similar sugar determinations are made on 3 cc. por- 
tions of the untreated blood filtrate. 

The po value, for the analyses of the yeast-treated portions, is deter- 
mined by blank analysis of the supernatant fluid obtained from a centri- 
fuged mixture of 1 volume of washed yeast cells and 4 volumes of water. 

It is essential in determining this blank to treat the yeast with water rather than with 
tungstic acid solution. ttTien water is mixed with washed yeast it e.xtracts the same mini- 
mal amount, if any, of reducing material from the cells that a sample of glucose-free (pre- 
viously fermented) Folin-\Vu blood filtrate extracts from them. Hence the water ex- 
tract gives the correct blank. If yeast is mixed with tungstic acid solution, the latter 
e.xtracts measurably more reducing material, enough to be equivalent to 5 or 10 mg. per 
cent of blood sugar, sometimes more. Presumably the reason for this phenomenon is that 
the fluid in the tungstic acid-yeast mixture has a much greater acidity and contains more 
titratable acid, than filtrate from tungstic acid-blood mixture; in the latter case the blood 
proteins remove the acid almost completely. The effect of using a tungstic acid extract 
of yeast cells for the blank determination would be to lower erroneously the pQ value, 
and hence to lower the value, calculated as (po — pi) X factor, obtained for non-ferment- 
able reducing material in blood. 

Calailalion of fermentable blood sugar'^^ 

For calculating both total sugar from analysis of the untreated filtrate 
and unfermentable sugar from analysis of the yeast treated filtrate, the 
Pq — pi values are multiplied by the usual calculation factors in table 42 for 
the macro method. 

If a temperature change occurs during the interval between the po and 
pi observations, po is to be corrected as indicated in table 43. 

“ If only fermentable sugar is desired, only the pi values of the two analyses need be 
determined. Fermentable sugar is then calculated as {pir — Pin) X factor, where piT is 
the pi reading for the total sugar determination, piN is the Pi for the non-fermen table sugar 
analysis, and the factor is from table 42. This procedure eliminates the two po deter- 
minations. It can be used, however, only if the yeast employed has been washed quite 
free of reducing substances. 
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From the total and unfermentable reducing material the fermentable 
sugar is found by difference. 

Fermentable sugar = (total sugar) - (unfermentable sugar) 

FERMENTABLE SUGAR IN BLOOD FROM DECREASE IN REDUCING POWER CAUSED 
BY SPONTANEOUS GLYCOLYSIS. V.A.N SLYKE AND H-AWKESTS (55) 

Spontaneous disappearance of reducing sugar from blood was a phenom- 
enon known to Claude Bernard and studied by many later investigators 
(see Tolstoi (42)). The sugar is transformed into lactic acid, as shown by- 
Evans. Hiller, Linder and Van Slyke (19) and Folin and Svedberg (11) 
have found that the same amount of reducing substance is removed by- 
spontaneous glycolysis at 38° for twenty or more hours that is removable 
by- short fermentation with yeast. 

Procedure 

Two analyses, designated as A and B are required: 

A. In one sample of fresh blood the total reducing material is deter- 
mined at once. 

B. Another sample of the whole blood in a stoppered tube is incubated 
at 38° for twenty to twenty-four horns, and the non-glucose reducing 
material left in it is then determined. 

Calculation. A — B = fermentable sugar. 

REDUCING SUGAR IN URINE 

The procedure here outlined is designed for use with urines, such as those 
encountered in diabetes, in which the significant variations in gtycosuria are 
gross enough to be satisfactorily- shown by measurement of the total reduc- 
ing substances. The method is sensitive to 0,02 per cent of glucose in solu- 
tion. Normal urine may show reducing power equal to that of a 0.2 per cent 
glucose solution, sufficient to cause a 15-mm. fall in the manometer reading, 
but due almost entirely to non-fermentable urinary substances w-hich have 
no apparent relationship to carbohyffirate metabolism (see chapter on corbo- 
hy-drates in volume I) . 


Reagents for urine sugar 

Perricyanide solution. Twenty-eight grams of potassium ferricyanide and 
75 grams each of potassium carbonate and potassium bicarbonate are dis- 
solved in water, made up to 1 liter, and filtered. The solution is kept in a 
stoppered bottle of dark glass. 

Alkaline hydrazine solution. Same as for blood sugar. 
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Procedure for urine sugar 

Dilution of urine. One cubic centimeter of urine is diluted with 
water ordinarily to 20 cc. In urine so diluted the ferricyanide reagent 
used will determine up to 3.5 per cent of glucose. In case the sugar 
content is known to be very high, 1 cc. of urine is diluted to 50 cc., 
so that glucose up to about 9 per cent can be determined. Dilution is 
the only preliminary treatment of the urine required. Even albumin 
does not affect the determination significantly. 

Reduction of ferricyanide by diluted urine. Two cubic centi- 
meters of the diluted urine are measured into a Pyrex glass test-tube (14 
X 125 mm.) and2 cc. of the ferricyanide solution are added. The solu- 
tions are mixed, heated twenty minutes, cooled, and aerated, all as de- 
scribed above for blood analyses. A slight fiocculent, permanent pre- 
cipitate, presumably of calcium and magnesium carbonate, appears 
when the urine filtrate and ferricyanide reagent are mixed, but it 
does not interfere in any way with the analysis. 

Gasometric determination of excess ferricyanide. One drop 
of caprylic alcohol to prevent foaming is run into the chamber of the 
manometric apparatus, followed by2cc. of alkaline hydrazine solution, 
measured through a mercury seal as described above on page 410 for 
blood sugar analyses. Three cubic centimeters of urine-ferricyanide 
mixture are added through a mercury seal in the same way, and the 
chamber of the apparatus is shaken for one minute to complete the 
evolution of the nitrogen gas. The gas volume is reduced to 2.0 cc. 
and the pressure is read on the manometer, pi if urine filtrate is analyzed, 
po if the determination is a blank. The blank analysis is performed 
with water in place of urine. The air dissolved in the reagents exerts 
about 13 mm. pressure; the N 2 from all the ferricyanide in the control 
exerts about 300 mm. 

The ‘‘Remarks on Gasometric Technique” made above in connection with 
the blood sugar determination apply also to the urine analysis. 

Calculation consists in multipl>dng the observed po — pi value by the fac- 
tor in table 42, po being corrected by table 43 if temperature changes inter- 
vene between the po and pi readings. A scale, as described in connection 
with the blood analysis, may be used to obviate calculation. 

EERMEXTABLE SUGAR IN URINE BY YEAST. VAN SLYKE AND HAWKINS (55) 

Fermentable sugar can be determined in urine by letting yeast act and 
measuring either the CO 2 that is formed or the decrease in reducing sugar. 
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\"an Slyke and Hawkins (55) applied both methods. Only that based on 
measurement of decrease in reducing sugars will be given here, however, as 
it proved to be more accurate than measurement of the CO 2 formed. 

The procedure outlined below, with minimum dilution of the urine, is 
designed primarily for urine with amounts of reducing substances of the 
order of magnitude found in non-diabetic cases. It is usually in urines of 
slight reducing power that one needs to determine the fermentability of the 
material, either for diagnostic or experimental -purposes. The method as 
given is designed for urines with reducing powers not exceeding that of a 0.5 
per cent glucose solution. 

To determine the fermentable sugar in urines more heavily loaded wdth 
reducing substances, such urines are diluted sufficiently to bring the total 
reducing pow’er below that of a 0.5 per cent glucose solution. 

Reagents 

Ferricyanide solution. This contains 14 grams of K 3 Fe(CN) 6 , 75 grams of 
K2CO3, and 75 grams of KHCO3 per liter. It is identical with the reagent 
described for total urine sugar, except that here only half as much ferricyan- 
ide is used because of the smaller amounts of reducing material encountered. 
The solution is to be prepared in the manner directed in the method for total 
urine sugar above. 

O.xalic acid. 0.1 n solution. 

Hydrazine solution. Same as that used for total sugar. 

Lloyd’s reagent. The preparation of Fullers’ earth known by this name. 

Procedure 

Preparation of urine for analysis. Creatinine, uric acid, and 
other non-glucose materials exert reducing effects which combined 
usually exceed that of the fermentable sugar in non-diabetic urine. The 
amount of such substances present is diminished by treatment of the 
urine with Lloyd’s reagent, as described by Folin and Berglund. The 
substitution of oxalic acid for the sulfuric acid used by them obviates 
formation of a calcium salt precipitate when the urine filtrate is later 
mixed with ferricyanide-carbonate solution. 

To 10 cc. of urine add 5 cc. of 0.1 n oxalic acid, 5 cc. of water, and 1.5 
grams of Lloyd’s reagent. Shake gently for two minutes and filter. 

A control filtrate for blank analysis is also made at the same time: 
Add 5 cc. of 0.1 N oxalic and 1.5 grams of Lloyd’s reagent to 15 cc. of 
water, shake for two minutes and filter. 

Determination of total reducing material in urine filtrate. 
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Two cubic centimeter portions of the filtrate are mixed with 2-cc. por- 
tions of the ferricyanide reagent in test-tubes, and the analysis is carried 

TABLE 44 

For Fermektable Sugar in Urine 


Factors by which X 2 pressure fall, po—fii in millimeters, is multiplied to calculate 
reducing sugar of urine in terms of grams glucose per liter (from Van Slyke and 
Hawkins (55)) 


TEiIPEfi-\TUHE OF GAS 
CHAMBER 

FACTOR* 

TEMPERATURE OF GAS 
CHAMBER 

FACTOR* 

“C 


°c. 


15 

0.0143 

25 

0.0138 

16 

2 

26 

8 

17 

2 

27 

7 

IS 

1 

28 

7 

19 

1 

29 

6 

20 

0 

30 

6 

21 

0 

31 

5 

22 

0.0139 

32 

5 

23 

9 

33 

4 

24 

8 

34 

4 


* These factors hold when, as in the procedure described, undiluted urine is used, and 
the final 3 cc. of ferricyanide-urine mixture used for the gasometric determination repre- 
sent 0.75 cc. of urine. If, by reason of high sugar content, the urine is diluted before 
analysis, the above factors are multiplied as many times as the urine is diluted. 

TABLE 45 

Correction to ^0 for 1° Temperature Change for Use With Calculations by 

Table 44 


TE1£PER.\TCXE SiU<GE 

INCREASE OF VAPOR TEN- 
SION OF WATER PER 
TEMPEHATUSE RISE 

INC5E.4SE OF N 2 PRES- 
SURE OF CONTROL PER 1° 
TEMPERATURE RISE 

TOTAL CORRECTION PER 
1° TEMPERATURE RISE* 

°C. 

mm. 

mm. 


15-20 

0.7 

0.6 

1.3 

20-25 

1.2 

0.6 

1.8 

25-30 

1.6 

0.6 

2.2 

* Add correction to po when temperature is 

higher at pi reading; subtract the correction 


when temperature is lower. 


out as described above for total urine sugar, in all respects except the 
difference in ferricyanide reagent. The po value is determined by like 
analysis of the control filtrate. 
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Determination of non- ferment able reducing material in 
urine filtrate. A second portion of urine is treated as follows: To 
10 cc. of urine are added 7.5 cc. of a 40 per cent yeast suspension (20 
grams of a Fleischmann’s compressed yeast cake in 50 cc. of water. 
The mixture contains, as shown by centrifuging, about 40 per cent by 
volume of moist yeast). The mixture is allowed to stand for fifteen 
minutes, then 5 cc. of 0.1 n oxalic acid and 1.5 grams of Lloyd’s re- 
agent are added. The mi x ture is shaken for two minutes and filtered. 
Under these conditions, the yeast will remove glucose in amounts up 
to 0.5 per cent in the original urine. 

Portions of 2 cubic centimeters of the filtrate are analyzed as in the 
determination of the total reducing material. The po value is deter- 
mined by similar analysis of filtrate from a control suspension of yeast 
and Lloyd’s reagent in which water replaces the urine. 

The proportions of yeast and fluid are designed to give the same 
concentration of non-fermentable reducing material in the fluid that 
is obtained, in the preceding total reducing material determination, 
by diluting the 10 cc. of urine to 20 cc. with water solutions. In the 
present yeast-fluid mixture, 10 cc. of urine are mixed with 9.5 cc. of 
water solution and 3 cc. of yeast cells. The latter were found by Van 
Slyke and Hawkins to take up about as much non-fermentable reducing 
material as would the 0.5 cc. of water required to make the fluid 
volume up to 20 cc. 

Calculation of fermentable urine sugar. The results of the two analyses are 
calculated by means of the factors in table 44. If temperature change 
occurs between and pi readings, is corrected according to table 45. 
The fermentable sugar^is calculated as 

Fermentable sugar = (total sugar) — (non-fermentable sugar). 

CALCIUM IN BLOOD. VAN SLVKE AND SENDROY (63) 

The reaction between oxalic acid and permanganate, 

5 H2C2O4 -1- 2 KMn 04 + 3 H2SO4 = K 2 SO 4 -f 2 MnSOi 8 HjO -f 10 CO. 


is the basis of the gasometric calcium determination. The calcium is pre- 
cipitated as calcium oxalate, the precipitate is redissolved in dilute sul- 
furic acid, and the solution thus obtained is shaken with an excess of per- 
manganate in the manometric apparatus. The COo evolved serves as a 
measure of calcium. 

The procedure is particularly advantageous for micro analyses. The 0.1 
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mg. of Ca present in 1 cc. of ordinary blood serum yields enough CO 2 to exert 
at'O-o cc. volume a pressure of about 160 mm. to read on the Van Slyke-Neill 
manometer, with an accuracy of 1 per cent. 

Reagents 

The 20 iJer cent trichloroacetic acid, 20 per cent sodium acetate, 0.016 per cent 
hrom cresol green, j.5 per cent ammonium oxalate, 1:1 and 1:50 ammonia 
leater, and approximately 1 x sulfuric acid described for the micro titration 
of blood calcium in the calcium chapter. 

In addition to these, the following; 

Apt>roximatelv 0.15 .v potassium permanganate solution. 4.8 grams of 
potassium permanganate are dissolved and diluted to a liter. A portion is 
acidified before use by the addition of 1/20 volume of 1 n sulfuric acid. 

5 .V sodium hydroxide, approximate. 

Reagents, water, and filter paper used up to the point in the analysis 
where the precipitation and washing of the calcium oxalate are finished 
should be tested for calcium as an impurity. 

Procedure 

Removal of proteins. The proteins of plasma or serum are pre- 
cipitated, as described in the calcium chapter for microtitration of 
blood calcium, by mixing with 3 volumes of water followed by 1 
volume of 20 per cent trichloroacetic acid. However, when only 1 
or 0.5 cc. of serum is available, it is precipitated in a 10 cc, flask with 
2 cc. of 20 per cent trichloroacetic acid. The filtrate is caught in an 
accurately graduated 15-cc. centrifuge tube, the volume is noted, and 
the entire filtrate is used for analysis. 

Precipitation and washing of the calciurn oxalate are carried 
out as described in the calcium chapter, for the microtitration of blood 
calcium. 

Resolution of precipitate and transfer to chamber of mano- 
metric apparatus Two cubic centimeters of 1 n sulfuric acid are 
run down the wall of the centrifuge tube in such a manner that every 
portion of the wall is washed. The tube is dipped into hot water to 
acceleratere solution of the crystals, then cooled to room temperature. 

The outside rim of the centrifuge tube is smeared with a thin film of 
vaseline to prevent the solution from creeping over the rim when 
decanted. The tube is then emptied smoothly, without splashing, into 
the cup of the Van Slyke-Neill chamber, and the solution is drawn down 
into the chamber. Four cubic centimeters of water are then used, in 
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three portions, to wash the walls of the centrifuge tube and the cup 
of the manometric chamber. The washings are run down into the 
chamber, making in it a total of 6 cc. of solution. 

Liberation and measurement of CO 2 in the gas apparatus. 
The dissolved air and trace of CO 2 in the solution are extracted by evacu- 
ating the chamber and shaking for two minutes. The extracted gases 
are ejected as described on page 279. Any liquid reaching the cup is 
allowed to flow back into the chamber. The wall of the cup is washed 
down with 1 cc. of acidified 0.15 y KMn 04 , which is then allowed to run 
into the chamber. The chamber is evacuated and, with the mercury 
somewhat below the 50-cc. mark, is shaken for three minutes. In this 
time the oxalic acid is oxidized to CO 2 and the latter is extracted from 
solution. The mercury surface is now set at the 50-cc. mark and the 
shaking is continued for one minute. The precipitate of partly reduced 
manganese oxide which first forms may entirely disappear during the 
last minute, leaving a water clear solution, because of the reducing 
effect of the mercury in the chamber. The mercury surface during 
the first three minutes must be so low in the tube at the bottom of the 
chamber that no portions of mercury are whirled up into the bulb of 
the chamber during the shaking. If mercury does get into the bulb 
at this time the permanganate may be all reduced by the mercury 
before the oxalic acid is oxidized entirely to CO 2 . 

After the CO 2 is extracted the mercury is allowed to ascend in the 
chamber, with the precautions previously outlined on page 277 for 
“Adjustment of gas volume in CO 2 analyses.” If the sample rep- 
resents 1 cc. or less of serum (0.1 mg. or less of Ca) the gas volume 
is brought to 0.5 cc. for the pi reading. If the sample represents 2 cc. 
or more of serum. ( or over 0.2 mg. of Ca) it is preferable to read pi 
with the gas at 2-cc. volume. 

After the pi reading is recorded the cock leading to the leveling bulb 
is opened and the bulb is placed at the medium level shown in figure 37, 
so that gas in the chamber is under slight negative pressure. One cubic 
centimeter of 5 y sodium hydroxide followed by a little mercury is then 
admitted to the chamber to absorb the CO 2 . The p 2 reading is finally 
taken with the same gas volume in the chamber as at the pi reading. 

Determination of c correction. A blank analysis is performed in 
which 2 cc. of 1 N sulfuric acid and 4 cc. of water are placed in the 
chamber of the manometric apparatus and analyzed as above described 
under “Liberation and measurement of CO 2 .” The pi — p 2 difference 
obtained is the c correction, which is partly due to traces of CO 2 dis- 
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TABLE 46 

Factors by Which Willimkters PcOi are Multiplied to Calculate Oxalic Acid 
OR Calcium (from Van Slyke and Sendroy (63)) 


In all cases it is assumed that the volume S of solution extracted in the Van Slyke-Neill 
chamber is 7.0 cc., the volume of the chamber is 50 cc., and the sample analyzed 
represents 1 cc. of serum or other fluid. 


TEitPEBA- 

TirxE 

j 

FACTORS TO GIVE 
MILUGBAMS OF Ca IK 
SAMPLE AKALVZED 

1 

P.4CTOBS TO GIVE* 
niLilCBAMS OF Ca 
PEE 100 CC. IN 
SOLUTION .ANALYZED, 
K-HE.V S.AifPLE 
REPEE3ENT3 1 CC. 

FACTORS TO GIVE 
MILLI-EQUIVALENTS OF 
Ca Ofi OX4LIC ACID 
PER LITER, WHEN 
SAMPLE REPRESENTS 

1 CC. 

F.ACTOES TO GIVE 
MILLIMOLES OF Ca OR 
OXALIC .ACID PER 
LITER, WHEN sample 
REPRESENTS 1 CC. 


a = 0.5 cc. 

1 

a = 2.0 cc. 

a = 0.5 
cc. 

a = 2.0 
cc. 

a ~ 0.5 
cc. 

a = 2.0 
cc. 

a = 0.5 
cc. 

a = 2.0 
cc. 

“C. 

10 

1 0.000715 

0.002804 

0.0716 

0.2804 

0.0357 

0.1399 

0.01785 

0.0700 

11 

09 

2780 

09 

0.2779 

54 

87 

770 

694 

12 

03 

56 

03 

55 

51 

77 

755 

88 

13 

697 

34 

0.0697 

35 ' 

48 

65 

740 

83 

14 

92 

13 

91 

13 

45 

54 

725 

77 

15 

86 

2693 

86 

0.2691 

43 

43 

713 

72 

16 

81 

71 

81 

71 

40 

33 

700 

67 

17 

76 

51 

76 

50 

37 

23 

0.01688 

62 

IS 

71 

31 

71 

32 

35 

14 

676 

57 

19 

66 

13 

66 

14 

33 

05 

664 

53 

20 

62 

i 2595 

61 

0.2596 

30 

0.1296 

652 

48 

21 

57 

78 

57 

78 

28 

87 

640 

44 

22 

53 

61 

53 

60 

26 

78 

629 

39 

23 

48 

43 

49 

1 43 

24 

70 

618 

35 

24 

44 

26 

44 

26 

21 

61 

607 

31 

25 

40 

10 

39 

09 

19 

52 

0.01597 

26 

26 

36 

2493 

35 

0.2493 

17 

44 

587 

22 

27 

32 

77 

31 

77 

15 

36 

577 

18 

28 

28 

63 

27 

63 

13 

29 

567 

15 

29 

24 

48 

24 

49 

12 

22 

558 

11 

30 

20 

34 

21 

35 

10 

IS 

550 

08 

31 

17 

• 21 

18 

21 

08 

08 

542 

04 

32 

14 

08 

IS 

07 

07 

02 

533 

01 

33 

10 

2394 

11 

0.2394 

05 

0.1195 

524 

0.0598 

34 

07 

81 

07 

82 

03 

89 

515 

95 


For samples other than 1-cc. the factors in the last 6 columns are divided by the volume 
of the sample in cubic centimeters. 


To calculate grams Ca per liter (= mg. per cc.), the factors in these 2 columns are 
divided by 100. 
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solved in the added permanganate and partly to the effects of the added 
5 N sodium hydroxide solution on the mercury level in the chamber. 
The c value is ordinarily about 5 mm. when the gas is measured at 0.5 
cc. volume, 1 or 2 mm. at 2 cc. volume. 

Calculation. The pressure, PcOi^ due to COo from oxalic acid is calcu- 
lated as 


•^CO; “ i'- ~ 

The Pco 2 value thus obtained is multiplied by the proper factor in table 46 
to estimate calcium. Table 46 has been computed on the assumption that 
each molecule of oxalic acid yields 99.4 per cent of 2 molecules of CO 2 under 
the conditions of analysis, as was found by Van Slyke and Sendroy (63), 

Cleaning chamber of manometric apparatus. After each 
analysis the apparatus is cleaned, in the manner described on page 236, 
except that lactic acid is not used. The chamber is washed first 
with water, then with 1 n sulfuric acid. It is important for this analysis 
that the chamber be clean and free of organic matter. Lactic acid is 
oxidized with formation of COo by permanganate; hence it is 
essential that no traces of it be present. 

C.ALCrUM IN URINE 

McKay and Butler's adaptation of Van Slyke and Sendroy method 
{unpublished) 

The calcium is precipitated as oxalate under the conditions defined by 
McCrudden and utilized by Shohl and Pedley (see p. 763). The precipitate 
is washed and the oxalic acid in it determined as by the method of Van Slyke 
and Sendroy described above. 

The preliminary oxidation of the urine with persulfate, which Shohl and 
Pedley found necessary when permanganate titration was used in determin- 
ing the oxalate, is, except for albuminous urines, unnecessary -when the gaso- 
metric method is used. Such amounts of uric acid as contaminate the pre- 
cipitate were found by MacKay and Butler to yield no significant amounts 
of CO 2 in the gasometric determination. 

In perfectly fresh albuminous urines the method can be used without pre- 
liminary oxidation of organic matter. But if albuminous urine has stood 
even for a day an unfilterable turbidity develops, and oxalate precipitates 
only part of the calcium. The rest is apparently held in colloidal solution. 
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Before the calcium is precipitated, such urines are oxidized with per- 
sulfate as described for Shohl and Pedley’s method in chapter 25. 

Reagents 

Saturated ammonium oxalate, approximately 1 n sulftiric acid, approxi- 
tnaklx 0.15 .v potassium permanganate, approximately 5 x sodium hydroxide, 20 
per cent sodium acetate, as described above for blood calcium determination. 

Methyl red, 0.02 per cent solution in 50 per cent alcohol. 

Ammonium persulfate, solid, for preliminary oxidation of albuminous 
urines. 


Procedure 

An amount of non-albuminous urine, usually from 3 to 10 cc., con- 
taining not over 1 mg. of calcium is placed in a centrifuge tube and 
brought to 10-cc. volume. Two drops of methyl red solution are added, 
and concentrated hydrochloric acid a drop at a time until the urine 
turns deep red. Then 1 or 2 drops more are added. If the solution is 
not clear the tube is heated in a beaker of boiling water for five minutes 
to dissolve any precipitate of calcium phosphate that may be present. 
One cubic centimeter of saturated ammonium oxalate solution is then 
added. The mixture is then brought to a pH between 4.8 and 5.2 by 
adding sodium acetate solution a drop at a time until the color of the 
urine is neither red nor yellow, but orange. The tube is stoppered, 
shaken vigorously for several minutes, and let stand at least a half-hour. 
The supernatant liquid is drawn off and the precipitate washed as de- 
scribed above on page 771 . The precipitate is then dissolved in sulfuric 
acid and the oxalic acid is determined as described above for blood 
calcium determination. In the present case the pressure readings are 
taken with the gas volume at 2. instead of 0.5 cc., unless the Ca content 
of the urine is unusually slight. 

If the urine contains albumin, a portion of 50 cc. or less is oxid- 
ized with ammonium persulfate, as described on page 763. The oxidized 
urine is neutralized to methyl red with ammonia, then concentrated 
hydrochloric acid is added by drops until the color turns red again. 
The urine is then diluted up to its original volume, or to twice that 
volume, and a sample is transferred to a centrifuge tube. It is brought 
to 10-cc. volume, treated with ammonium oxalate and sodium acetate, 
and the analysis is carried on as above described. 
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Calculation 


Grams of Ca per liter urine == 


(/>, - ^ - 0 X 
cc. urine in sample 


Milli-equivalents of Ca per liter urine 


ipi - P,- c) X 4, .g, 
cc. urine in sample 


fj„g, is the factor in table 46 “to give milligrams of Ca in sample anatyzed.” 
fm.Eq. is the factor in table 46 “to give milli-equivalents of Ca per liter 
when sample represents 1 cc.” 


LACTIC ACID IN BLOOD. AVERY AND HASTINGS (3a) 

This method is based on the fact that permanganate in strongly acid 
solution oxidizes lactic acid at room temperature with the production of 1 
molecule of COo from 1 molecule of lactic acid. (See discussion in Chapter 
16). Slight amounts of CO 2 are also formed from other organic substances 
that are present in the Folin-Wu blood filtrate and are not removed by treat- 
ment with copper sulfate and lime. The error from such sources leads to 
results approximately 0.5 mM. per liter (4.5 mg, per 100 cc.) higher than 
by the Friedemann-Cotonio-ShaSer distillation method described in chap- 
ter XVI, The difference is so constant that Avery and Hastings found that 
when 0.5 mM, was subtracted from their blood lactic acid values the results 
thus corrected agreed,, within usually 0.1 mM. and always 0.2 mM., with 
results by the Friedemann-Cotonio-Shaffer method. 

The advantages of the gasometric method over the distillation methods 
are the speed and simplicity of the gasometric determination and the lack of 
need for special equipment other than the manometric blood gas apparatus. 
The disadvantage of the gasometric inethod lies in the fact than an empirical 
correction must be subtracted for the amount of CO 2 yielded by substances 
other than lactic acid. The correction appears to be so constant, how- 
ever, that its does not introduce a significant error. 

Of substances which might be present in blood, Avery and Hastings find that the fol- 
lowing >deld no COo when treated as in this method: glycine, alanine, beta-hydroxjbutj’’- 
ric acid, and urea. Those yielding a small amount of COo, but not reacting quantitatively, 
are uric acid and glucose. Those which react quantitatively, with permanganate are 
acetoacetic and pyruvic acids. Glucose is removed in the analysis. The amount of 
acetoacetic and uric acid in ordinary blood was found insufficient to measurably affect 
the results. Pyruvic acid can hardly be present in a concentration of O.S mM, The 
substances yielding this amount of CO2 in excess of the lactic acid are therefore at present 
unknown. ■ • 
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Reagents 

10 -V sulfuric acid. 

Permanganate solution: To 100 cc. of 0.1 N potassium permanganate solu- 
tion are added 10 cc. of 1 n sulfuric acid. The CO 2 in the solution is removed 
by shaking in an evacuated flask. The solution is then resaturated with air. 

Sodium tungstate, 10 per cent, and s/ 12 sulfuric acid, as used in Haden’s 
modification of the Folin and Wu procedure for the precipitation of blood 
proteins (see p. 66). 

.4 14 per cent solution of crystalline copper sulfate (CUSO 4 • 5 HgO). 

.4 14 per cent suspension of calcium hydroxide. 

5 .V sodium hydro.xide. 

Procedure 

To 1 cc. of blood or serum in a 15 cc. centrifuge tube are added 1 cc. 
of 10 per cent sodium tungstate and 8 cc. of n/12 sulfuric acid. The 
mixture is stirred with a glass rod at intervals during fifteen minutes 
for whole blood, or five minutes for serum, and is centrifuged. Seven 
cubic centimeters of the supernatant liquid are removed to a second 15 
cc. centrifuge tube and 1 cc. each of 14 per cent copper sulfate and 14 
per cent calcium hydroxide suspension are added. This treatment 
precipitates glucose completely (see reference 19 of chapter XVII). 
After agitating at intervals for thirty minutes, the tube is centrifuged 
and 6 cc. of the supernatant solution are pipetted into a third tube. 
Here the solution is acidified with one drop (approximately 0.04 cc.) 
of 10 N sulfuric acid and allowed to stand for one hour in order that 
calcium tungstate may precipitate. 

When more than 1 cc. of blood is available, 2 or 3 cc. are used with 
corresponding multiples of the quantities of reagents so that enough 
filtrate for duplicate analyses is obtained. 

Five cubic centimeters of the final filtrate followed by 1 cc. of 10 n 
sulfuric acid are introduced into the extraction chamber of the mano- 
metric apparatus. The stop-cock is sealed and the dissolved gases are 
removed from solution by shaking one minute with the mercury at. 
the 50-cc. mark. The gases are ejected as described on page 279. 
The extraction and ejection are repeated once to remove the last traces 
of CO 2 . 

One cubic centimeter of the potassium permanganate solution is now 
added and the solution is shaken slowly, with the mercury just below 
the 50-cc. mark, for four minutes. After the first two minutes the 
shaking is interrupted long enough to run the solution up to the top of 
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the tube and back, in order to wash down the sides. Until the oxida- 
tion of the lactic acid is completed (three or four minutes) the shaking 
must be done with the mercury level so low in the tube at the bottom 
of the chamber that no mercury globules whirl about the chamber bulb ; 
otherwise the mercury may reduce the permanganate before all the 
lactic acid is oxidized. 


TABLE 47 


Factors for Calculation of Millimols of Lactic Acid per Liter of Blood, or 
Milligrams per 100 cc., from Pressure of COo (from Avtiry and 
Hastings (3a)) 


temperature 

1 FACTOR / 

1 

9/ 

“C. 



15 

0.0882 

0.794 

16 

75 

87 ' 

17 

68 

81 

18 

62 

76 

19 

56 

70 

20 

50 

65 

21 

44 

•60 

22 

38 

54 

23 

32 

49 

24 

26 

43 

25 

20 

38 

26 

15 

33 

27 

10 

29 

28 

05 

24 

29 

01 

21 

30 

0.0797 

17 


Sample equivalent to 0.389 cc. blood. Volume of solution extracted in chamber = 
7 cc. Volume at which CO 2 is measured = 0.5 cc. / gives millimoles lactic acid per liter 
of blood. 9 / gives milligrams of lactic acid per 100 cc. of blood. 


The pressure, pi, is read with the gas in the chamber at the 0.5-cc. 
mark, and the solution lowered and shaken again for one minute. A 
second reading is then made and, if this fails to check, the one-minute 
shakings are repeated imtil a constant reading is obtained. This 
usually occurs after one or two trials. 

The solution is then allowed to go to the top of the chamber and 3 cc. 
of 5 N sodium hydroxide are admitted to absorb the CO®. The surface 
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of the solution is then lowered a short distance below the 2-cc. mark and 
allowed to stand one minute for drainage. The pressure of gases minus 
the CO 2 , pi, is now read with the gases at 0.5 cc. volume. The dijffer- 
ence between pi and po represents the pressure of CO 2 liberated from 
the sample and reagents. 

A blank determination is carried out as described above except that 
1 cc. of distilled water is substituted for the blood or serum. The pi - 
P 2 value found in the blank is designated as c. It includes the correc- 
tions for the CO 2 liberated from the reagents and for the change in 
manometer reading produced by the addition of the 3 cc. of alkali. 

Special points in technique 

If the blood is not to be mixed with the Folin-Wu tungstic acid solution 
within three minutes after it is drawm, the receiving vessel should be provided 
with enough XaF or NH 4 F to make a 1 per cent solution in the blood. 
Otherwise formation of lactic acid by glycolysis in the shed blood may 
appreciably affect the results. After treatment of the blood with tungstic 
acid and copper hydroxide the filtrate may be kept in a refrigerator for 
period up to two days with no appreciable change. 

Throughout the handling of the solutions care should be taken that no 
foreign oxidizable material is introduced. Cork stoppers should not be used. 
Even the best washed filter paper yields substance which produces CO 2 
when treated with permanganate under the conditions of the analysis. 
Hence centrifugation is used in place of filtration to separate precipitates 
from supernatant solutions. 


Calculation 

Millimoles of lactic acid per liter blood = [{pi — p 2 — c) X f] — 0.5 

Milligrams of lactic acid per 100 cc. blood = — ^2 — c) X 9 /] — 4.5 

The values of/, and 9/ for temperatures from 15° to 30°C. are given in 
table 47. 


POTASSIUM. KRAMER AND GITTLEMAN (19a) 

Potassium is precipitated as cobalti-ni trite. The precipitate is decom- 
posed with alkali. 


KsXaCoCNOah + 3 NaOH = 2 KNO^ + 4 NaNO, -f CofOlDs 
The solution of nitrites thus obtained is washed into the chamber of the 
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manometric apparatus, and the nitrite is determined by reaction in acid 
solution with urea. 

2 HXOo + COCXHo). = 2 X 2 + CO 2 + 3 H;0. 

Kramer and Gittleman state that the error does not exceed 0.01 mg. of K 
in the sample analyzed, or 1 mg. of K per 100 cc. serum. 

The 0.2 mg. of potassium in 1 cc. of normal serum yields by these reac- 
tions enough No to give about 140 mm. of pressure to read at 2-cc. volume. 

Reagents 

Sodium cohalti-nitrite reagent (see p. 748, Chapter XXIV). 

1 .V sodium hydroxide, approximate. 

10 per cent urea solution. 

S .V sulfuric acid, appro.nmate. Twenty-five cubic centimeters of concen- 
trated sulfuric acid of 1.83 to 1.84 specific gravity diluted to 100 cc. 

10 y sodium hydroxide, approximate. Forty grams of NaOH dissolved 
and made up to 100 cc. 

Procedure 

One cubic centimeter of the serum, or solution containing about 0.2 
mg. of K, is measured into a l5-cc. graduated centrifuge tube, contain- 
ing 1 cc. of water. One cubic centimeter of the sodium cobalti-nitrite 
reagent is added slowly, drop by drop, and the solution thoroughly 
mixed after each drop. At the end of forty-five minutes the volume is 
made up to 5 cc. with water and the contents are mixed again and 
centrifuged for one-half hour at a speed of about 1800 revolutions 
per minute. 

All but 0.3 cc. of the supernatant fluid is pipetted off by the technique 
described on page 771 in the calcium chapter for washing calcium 
oxalate. Five cubic centimeters of water are allowed to run in slowly. 
The stream is controlled in such a way that the added water is thor- 
oughly mixed with the residual reagent, but the precipitate is not dis- 
turbed. The tube is centrifuged for five minutes. The procedure is 
repeated twice, making three washings in all. In the third washing, 
the water is added in such a way as to gently agitate the upper portion 
of the precipitate. The supernatant fluid from the last washing must 
be colorless. After this has been pipetted off, 0.7 cc. of approximately 
normal sodium hydroxide is added and the precipitate is thoroughly 
mixed with a fine glass rod. The tube is heated in a boiling water bath 
for about five minutes, during which a brownish flocculent precipitate 
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of cobalt hydroxide settles on the bottom of the tube. The solution is 
cooled and transferred to the chamber of the gas apparatus. The re- 
mainder of the precipitate is washed into the chamber with 2 cc. of 10 
per cent urea solution. One cubic centimeter of approximately 8 n 
sulphuric acid is let in, after which a vigorous evolution of gas takes 

TABLE 48 

For Calculation of Serum Potassium 
Serum sample = 1 cc. P.Vj is read with gas at 2 cc. volume 


F.ACTOR BY WHICH P IS MULTIPLIED TO GIVE 



1 

! Milli-equivalents of K 
j per liter serum 

Milligrams of K per 
100 cc. serum 

Milligrams of K in sam- 
ple analyzed 





15 

0.0371 

0.1451 

0.001451 

16 

69 

45 

45 

17 

68 

40 

40 

IS 

67 

35 

35 

19 

66 

30 

30 

20 

64 

25 

25 

21 

63 

20 

20 

22 

62 

14 

14 

23 

60 

09 

09 

24 

58 

04 

04 

25 

58 

00 

00 

26 

57 

0.1395 

0.001395 

27 

56 

90 

90 

28 

54 

85 

85 

29 

53 

t 

80 

80 

30 

52 

75 

75 

31 

51 

70 

70 

32 

49 

65 

65 

33 

48 

60 

60 

34 

47 

56 

56 


place. The mercury is lowered almost to the bottom of the 50-cc. 
bulb, the apparatus is sealed, and the level of the mercury then lowered 
to the 50-cc. mark. After shaking for about five minutes, the mercury 
is raised again so that a space of several cubic centimeters is left between 
the water meniscus and the 2-cc. mark. Three cubic centimeters of 
approximately 10 n sodium hydroxide are permitted to flow gradually 
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into the chamber to absorb the COo present. The cock is sealed again, 
the gas volume is reduced to the 2-cc. mark, and the pressure pi is read. 

A blank analysis is done, in which 1 cc. of the 1 x NaOH is put through 
the above procedure. The pressure reading of the blank is prj. 

The pressure due to nitrogen from the nitrite is 

Pn, = Pi - Po 
Calculation 

To obtain the potassium content of the serum P.vj is multiplied by a factor 
from table 48. 

By the reactions given above each equivalent of K precipitates 3 equivalents of NO 3 , 
which yield 3 moles of N 2 gas. To calculate millimoles of K per liter of serum, when the 
sample is 1 cc., one therefore multiplies the observed Pxi by one-third the factor in table 
30 for calculating millimoles No per liter from analysis of 1-cc. samples. These factors are 
100 . . 

multiplied by 39.1 X to obtain its factor for calculation of serum potassium in milli- 
grams per 100 cc. The analyst should read the discussion of the cobalti-nitrite method 
in chapter 24, page 746. 

illCRO DETERMINATION OP CARBON BY WET COMBUSTION AND ITS APPLICATION 
TO DETERMINATION OP LIPOIDS. (bACKLIN (3b)) 

Carbon in organic matter is burned to CO 2 by heating with sulfuric acid 
and silver dichromate, silver acting as catalyzer to accelerate the oxidation. 
The CO 2 is transferred to the chamber of the gas apparatus and there ab- 
sorbed with sodium hydroxide solution. The absorbed CO 2 is then deter- 
mined as in blood analyses. Backlin states that the yield of CO 2 is quantita- 
tive, and that the results are more accurate than can be obtained by the 
empirical chromate reduction method of Bang, even in the present improved 
modification of Bloor (p. 496), 

Backlin has described the method for use with the volumetric type of 
apparatus. Because more accurate results are obtainable with the mano- 
metric apparatus, however, we shall adapt the description to the latter. 
The determination requires about twenty^-five minutes. 

In applying the method to lipoid determination, the lipoid material is 
first isolated by one of the methods described in chapter 9, with the fats in 
the form of either neutral fats or fatty acids. The material is redissolved 
and aliquot parts of not over 1 mg. are used for combustion. 

Apparatus 

This consists of the combustion tube A (fig, 61) and its connections. The 
tube is about 20 by 190 mm. in size, and of Pyrex or other hard glass. 
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The stopper which closes it at the top may be of rubberj but it is better to 
have a ground-in glass stopper. After repeated use the lower side of a rub- 
ber stopper is attacked by the fumes, and small particles of rubber may then 
fall into the combustion mixture and cause high results. Through the 
stopper pass the connecting tube to the gas chamber and the stem of the 
dropping funnel d/, which is marked at 1-cc. intervals to contain 5 cc. The 



Fig. 61. .Apparatus arranged for determination of carbon by wet combustion. Modi- 
fied from Backlin (3a) to fit manometric apparatus. 

connecting tube, of 4 mm. bore is joined glass on glass by pure gum tubing 
to the capillary inlet a of the manometric chamber. Ground glass joint and 
stopper K are lubricated with concentrated sulfuric acid. 

Reagents 

Silver dichromate and sulfuric acid. Five grams of silver nitrate are dis- 
solved in 25 cc. of water. Five grams of potassium dichromate are dissolved 
in 50 cc. of water. The two solutions are mixed. The precipitate of silver 
dichromate is centrifuged, washed twice with distilled water, and finally 
dissolved in 500 cc. of concentrated sulfuric acid. Before it is used this solu- 
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tion is heated two hours on the steam bath and let stand three days, in 
order to insure destruction of any organic matter present. 

A pproximatcly 0.5 x XaOH. Water is freed of CO 2 by adding one drop of 
0.1 N hydrochloric acid per 100 cc. and boiling. To 100 cc. of this water are 
added 3 cc. of the COo-free 18 n XaOH described under ‘‘General reagents” 
on page 233. The solution is at once drawn into a burette protected at the 
top by a soda-lime tube, and prornded with a long tip at the bottom, as 
shown in figure 52. 

Approximately 2 .v lactic acid. Twenty cubic centimeters of concentrated 
lactic acid diluted to 100 cc. 

A pproximately 5 .v NaOH. Described under “General reagents.” 

Procedure 

Removal of solvent. Dissolved in petroleum ether or alcohol, the 
sample of lipoid, which should not exceed 1 mg., is placed in test tube A 
(fig. 61). The solvent is driven off by heating the open tube in a water 
bath. The last traces of petroleum ether are removed by leading 
through a current of air for a few minutes. To remove the last traces 
of alcohol, after the material is apparently dry a few drops of water are 
added, and an air current is passed through the heated tube. Choles- 
terol digitonide may be precipitated, washed, and dried in tube A, as 
described in the last section of the lipoid chapter. For the precipitation 
and washing tube A should, in this case, be a conical centrifuge tube. 

Com bustion. The tube is connected with the gas chamber as shown 
in figure 61. Cock K is closed (it is best lubricated with a little con- 
centrated sulfuric acid), and cock e is turned to coimect G and A. By 
lowering the leveling bulb air is drawn from A over into G, and by 
properly manipulating cock e, is ejected from the system through the 
other outlet of cock e. This is repeated, if necessary, until the pressure 
in the system is such that, with G fall of mercury, the mercury in the 
manometer is about 500 mm. higher than that in the chamber. One or 
2 cc. of mercury are run up into cup b of the apparatus, and 0.5 n NaOH 
is run in from a burette, as shown in figure 52, until the solution reaches 
exactly to the 2-cc. mark in the chamber. Cock e is sealed and the 
mercury is drawn to the lower third of G. The mercury is maintained 
at this level, not by the usual means of closing the cock to the leveling 
bulb, but by hanging the leveling bulb at a proper height and leaving 
the coimecting cock open. Then, if small explosions occur in the com- 
bustion, displacement of mercury from G can take up some of their force. 

Cock e is then turned to connect G and A, and 5 cc. of the silver 
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chromate-sulfuric acid mixture are run into At with caution to avoid 
letting in air after the fluid. With a micro burner the mixture in A 
is heated cautiously to boil (protect eyes by goggles) until white fumes 
appear. Evolution of CO 2 gas then begins. During the heating the 
ring stand on which A is clamped is shaken at times in order to throw 
the acid mixture about the walls at the bottom of A and wash back 
drops of material that may have spattered onto the walls. The mix- 
ture is heated for 10 minutes just enough to keep it boiling, but not 
enough to fill the tube with white fumes. The flame is removed and 
the mixture is permitted to cool for a minute or two. The mano- 
metric leveling bulb is then repeatedly lowered and raised, so that the 
mercury rises and falls in the broad part of G. Thereby the gas from 
A is drawn over into G, where the CO 2 is absorbed by the alkali. 

Determination of After the combustion and absorption of CO 2 
are complete cock e is closed and the combustion tube is disconnected 
from the gas chamber. A little mercury from the hand is drawn into a 
to seal that outlet of the cock. All the gases in G are then ejected, 
as described on page 279. 

Two cubic centimeters of 1 N lactic acid are placed in the cup of 
the apparatus, and 1.5 cc. are run into the chamber. The mercury is 
lowered to the 50-cc. mark, the chamber is shaken two minutes, and 
the gas volume is brought to 2 cc. with the precautions for CO 2 deter- 
minations described on page 277. Reading pi on the manometer is 
taken. 0.5 cc. of the 5 n NaOH is then slowly admitted to absorb 
the CO 2 , the fluid in the chamber being allowed to rise as close to the 
cock as it will. The meniscus is then brought again to the 2-cc. mark 
and reading pa is taken. 

A blank analysis is performed with the reagents alone. The pi — pa 
reading obtained from the blank is the c correction. 

Calculation 

iliiligrams of COa in sample = {Pi — pi — c) X /qq^ 

Aliiligrams of carbon in sample = (p\ — Pi — c) X /q 
^Milligrams of lipoid in sample = (pi ~~ P 2 — i) X fupoid 

The different factors, /COa etc., are given in table 49. Those for CO 2 are taken from 
table 9 of Van Slyke and Sendroy (62). Those for carbon are obtained from the CO 2 fac- 
tors by multiplying by 12/44 = 0.2727. The factor for each lipoid is obtained by multi- 
plying the carbon factor by 100 -r (per cent C in lipoid). The carbon contents are: 
Choteterol, 83.9 per cent; palmitic, stearic and oleic acids, 75.0, 76.0, and 76.6 per cent; 
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tripalmitin, tristerin, triolein, 75.9, 76.8, and 77.4 per cent. The mean carbon content 
for the above three free fatty acids that chiefly comprise animal fats is 75.9 per cent and 
of the fats 76.7, the ma.ximum deviations being within ±1 per cent of these values. 
Hence the percentages 75.9 and 76.7 are used in calculating the “fatty acid” and “neu- 
tral fat” factors of table 49. 


TABLE 49 

Foe Calcul.4Tion of Carbon Dioxide, Carbon, and Lipoids from Pco2 Obtained 
After Wet Combustion of Organic Subst.ances 
^ = 3.5 cc. a = 2 cc. 

j FACrOES BY WHICH PqO. 13 MCXTIPLIED TO GD'E 


TEilPERA- 

XURE 

Milligrams 
of CO 3 

Milligrams 
of C 

Milligrams of 
cholesterol 

Milligrams of 
cholesterol 
when the 
digitonid is 
o-xidized 

Milligrams 

of 

fatty acids 

j 

Milligrams 
of neutral 
fat 

Milligrams 
of mked 
plasma 
lipoids 

°c. 

15 

0.00540 

0.001474 

0.001756 

0.000579 

0.001941 

1 

0.001921 

0.00187 

16 

37 

66 

47 

76 

31 

11 

6 

17 

34 

58 

37 

72 

21 

01 

I 5 

18 

32 

50 

28 

69 

11 

0.001890 

4 

19 

29 

42 

18 

66 

00 

1 

80 

3 

20 

26 

35 

10 

63 

I 

0.001891 

71 

2 

21 

23 

27 

01 

60 

81 

60 

1 

22 

21 

20 

0.001692 

57 

71| 

51 

0 

23 

18 

12 

83 

54 

61i 

41 

0.00179 

24 

15 

05 

74 

52 

52 

32 

8 

25 

13 

0.001398 

66 

49 

42 1 

23 

8 

26 

10 

91 

58 

46 

33' 

14 

7 

27 

08 

85 

50 

44 

25 : 

06 

6 

28 

05 

78 

42 

41 

16 

0.001797 

5 

29 

03 

1 

72 

35 

39 

08 

89 

4 

30 

01 

65 

27 

36 

0.001799 

80 


31 

0.00499 

59 

20 

34 

91 

72 

3 

32 

96 

53 

13 

31 

84 

65 

2 

33 

94 

48 

06 

29 

76 

57 

1 

34 

0.00492 

0.001342 

0.001599 

27 

0.001769 

50 

0.00170 


The factor for mixed plasma lipoids is an approximate one estimated by assuming, as 
does Bloor (reference 10, chapter 9), that the mixture consists of 2 parts of fat to 1 of 
cholesterol. The mixed lipoid factors can be used when the cholesterol is mixed with either 
the neutral fats or with the fatty acids obtained after saponification, as in Stoddard’s 
method, since the factors for neutral fats and fatty acids differ by only 1 per cent. For 
calculation of cholesterol, Cj? H 46 O, from the carbon determined in digitonin cholesteride, 
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C.THrO-CisHgiOn;. which has 61.9 per cent of carbon and 24.3 per cent of cholesterol 

100 

(Windaus. 66) the carbon factor is multiplied by X 0.243 = 0.3926. 

Dr. Esben Kirk in the laboraton.- of one of the writers has made preliminary tests of 
Backlin's method, with addition of the following points to the technique as adapted to 
the manometric apparatus. The heating must not be intense enough to drive fluid from 
condensed fumes into G. It is desirable to have small bulbs blowm into the tube connect- 
ing -4 and G to condense any such fluid. The dropping funnel M and cock K are not 
necessary, at least for combustion of ordinary non-volatile substances. The sulfuric- 
dichromate reauent is added cold to the dried sample in A, which is at once connected as 
in figure 61. The manipulation is simplified by making tube A of smaller dimensions, 
viz. IS by 125 mm. outside measurement and about 25 cc. capacity. With this the 
amount of reagent used is reduced to 2 cc. and the sample to not over 0.3 mg. of carbon. 
In determination of the COg absorbed by the alkali in G, it is preferable to use lactic rather 
than suh'uric acid to set the CO 2 free. Sulfuric frees SO 2 that may accompany the COi, 
while lactic acid is too weak to decompose sulfite. 
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CHAPTER VIII 


SUG.AIl 

GENERAL METHODS EOR GLUCOSE DETERMINATION 

The sugar of which concentration changes in blood and urine require clin- 
ical study is, with exception of rare cases, glucose (see carboh^'drate chapter 
in volume I). 

The methods chiefly employed for the quantitative determination of 
glucose have depended upon three of its properties, its ability to reduce in 
alkaline solution salts of certain of the heavy metals or of nitroaromatic 
acids, its dextrorotation, and its generation of carbon dioxide when fer- 
mented with yeast. None of these properties is peculiar to glucose. Even 
CO 2 formation by yeast occurs from action of the latter on non-sugar sub- 
stances (32, 33, 43). No method has been yet dewsed which has been 
proved to measure solely glucose in either blood or urine. The procedure 
which comes nearest to this goal is a combination of reduction and fermenta- 
tion methods, measurement of the decrease in reduction which occurs when 
yeast acts under specified conditions. 

For most clinical purposes, however, the reduction methods suffice. 
The content and variability of non-glucose reducing substances in blood and 
urine is low in comparison with the glucose increases that occur in glycosuria 
or glycemia. Consequently one can set certain limits for the maximum 
normal contents of total reducing substances and interpret the occurrence of 
greater contents as evidence of abnormal glucose concentrations. In special 
cases this interpretation may be doubtful, and a combined fermentation 
and reduction analysis is needed. 

Polariscopic methods have never acquired general use in clinical labora- 
tories. They are not adapted to determination of the small amounts of 
sugar found in blood, and they require the use of an expensive apparatus 
which would have as a rule little other use in such laboratories. It is the 
reduction methods that have been developed in infinite variety for blood and 
urine analyses. 

These methods may be classified according to (1) the oxidizing agent, 
and (2) the analytical procedure for measuring the amount of such agent 
that is reduced. 

The first oxidizing agent that acquired general use was the alkaline copper 
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sulfate solution introduced by Fehling in 1849 (14) . The solution was made 
alkaline with sodium hydroxide, and tartrate was added to prevent the 
copper from being precipitated as cupric hydroxide. To this solution at 
boiling temperature Fehling added the sugar solution until all the copper 
was reduced and precipitated as red cuprous oxide, and the blue color of dis- 
solved cupric salts disappeared from the solution. The alkaline copper tar- 
trate solution did not keep well. In consequence it became the practice 
v.'ith later analysts to prepare the copper sulfate and the alkali tartrate as 
separate solutions which were mixed immediately before use. The determi- 
nation of the end point was difficult, and innumerable modifications of the 
method have been published in which special technique or indicators are 
used to facilitate sharp detection of the end-point, or in which fixation of the 
end-point is avoided by using excess copper solution and determining by 
various methods of copper analysis either the CU 2 O precipitated or the excess 
of unreduced copper left in solution. Of such procedures the widest applica- 
tion appears to have been won by that of Bertrand (1 1), in which the cuprous 
oxide is filtered, and redissolved in an excess of acid ferric sulfate solution. 
An amount of Fe+++ equivalent to the Cu+ is reduced by the reaction, Cu+ 
-|_ = Cu'^+ + Fe++. The ferrous iron is titrated with permanga- 

nate. The method is accurate and convenient, and is still much used. For 
blood analyses, however, the amounts of cuprous oxide formed are too small 
to handle conveniently, and, also because of the small amounts involved, 
special precautions are required to avoid reoxidation of cuprous copper by 
air. Consequently in blood sugar methods means have been found to 
determine the reduced copper ndthout isolation of the CU 2 O, and special 
precautions have been developed to avoid reoxidation by air. Also more 
stable reagent solutions have been devised, notably that of Benedict (5), 
and substances have been added to the reagent to make it less sensitive to 
the non-glucose reducing materials in blood and urine. These modifications 
will be discussed in connection with specific blood and urine methods below. 

Picric acid as a sugar oxidizing agent was introduced into quantitative 
blood analysis in 1913 by Lewis and Benedict (6, 30) and was applied to 
urine by Hiller (27) and by Benedict and Osterberg (10). The reduction 
product, has a much more intense red color tlian picric acid, and is well 
suited for colorimetry. Sumner (41) used dinitrosalicyclic acid for- urine 
sugar. At present these reagents have receded into the background before 
copper and ferricyanide, which appear, particularly when applied to blood 
filtrate, to be less liable to reduction by non-glucose substances and more 
readily adapted to micro-technique. Benedict (8, 9, 10) himself has aban- 
doned picrate for copper reagents. 
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Ferricyanide for quantitative sugar determination was introduced by 
Hagedorn and Jensen (22) in 1923. It has over copper the advantages that 
the reduction product formed, ferrocyanide, remains in solution and can be 
easily determined in minute amounts by titrimetric, colorimetric, or gas- 
ometric methods, and furthermore that the ferrocyanide is not readily 
reoxidized by air, so that avoidance of error from this source requires no 
precautions. In consequence of these advantages ferricyanide methods 
have been rapidly replacing copper procedures, especially for blood analyses. 
Recently FoKn (15, 16) has abandoned his ovm copper colorimetric method 
to devise a ferricyanide one. 

Salts of other metals with variable valences, such as mercury and bismuth, 
can be used to oxidize glucose, and have been employed to some extent in its 
qualitative detection, but have not gained use for quantitative analysis. 

The ability to reduce cupric salts and ferricyanide depends upon the pres- 
ence of the aldehyde or ketone group in the sugar molecule. It is shared 
with glucose by other sugars which possess such groups. Thus for ferri- 
cyanide Hawkins (22) found that the following sugars showed the indicated 
reducing powers, that of an equal w'eight of glucose being taken as 100; 
mannose, 101; galactose, 79; fructose, 98; arbinose, 94; xylose, 100; maltose, 
72; and lactose, 72. For copper reagents Bertrand (11) found that mannose, 
arabinose, and xylose show also approximately 100 per cent of the reducing 
power of glucose, galactose, 94; maltose, 55; and lactose, 70. Sucrose has no 
reducing pow'er towards these reagents, because it has no free aldehyde or 
ketone groups. When hydrolyzed to invert sugar it has approximately the 
same reducing power as glucose. 

Although the presence of an aldehyde or ketone group is necessary to 
render a sugar oxidizable by cupric or ferricyanide salts, the oxidation is not 
limited to the carbonyl group. It spreads further into the sugar molecule, 
to an extent varying wdth time, alkalinity, and other conditions. With 
Fehling’s solution 1 mole of glucose reduces about 10 of cupric salt (13), of 
which 24 moles wmuld yield the amount of o.xygen required to oxidize the 
sugar completely to CO 2 and H 2 O. Of ferricyanide 6 or 7 molecules under 
the conditions of analysis are reduced by 1 molecule of glucose (42). 

Lactose is differentiated from glucose in that, while it is a reducing sugar, 
it is not fermented by yeast. This fact finds clinical application in ascer- 
taining whether positive reduction tests encountered in the urine during and 
after pregnancy are due to lactose or glucose. 

The procedures, gravimetric, colorimetric, titrimetric, and gasometric, 
that have been used in the various reduction methods for measuring the 
amount of reduction product formed are too numerous to discuss. Those 
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that have especial application to clinical procedures are exemplified in the 
specific methods described belov/. 

SuG.iR IN Urine 

For this determination the copper titration method of Benedict (4, 5), 
which is at present in almost universal use in this country will be described. 
We also give the application to urine of the Shaffer-Hartmann copper 
titration tor those v/ho prefer this elegant iodometric procedure, the 
Hav.'kins-Van Slyke ferricyanide timing method for its extreme simplicity, 
and the gasometric ferricyanide method for its special advantages. The 
technique for determination of fermentable sugar is given for use in cases 
where there is reason to doubt the identity of reducing substances detected 
in the urine, or where it is desirable to determine accurately the glucose in 
urines containing only small amounts. 

Xon-fermentable substances in the urine, creatinine, uric acid, and others, 
frequently exert as much reducing effect as 0.1 or 0.2 per cent of glucose; in 
concentrated urines these substances may exert a reducing effect equal to 
that of 0.4 per cent of glucose. Hence in a simple urine sugar determination 
by reduction of cupric or ferricyanide reagents there is no object in an 
accuracy exceeding 1 gram of glucose per liter of urine. 

benedict’s copper titration jtethod (5) 

Benedict uses a copper reagent which is changed from Fehling’s solution 
in such a way that all the components can be mixed without producing an 
unstable reagent. This advantage is gained by replacing the sodium hy- 
droxide of Fehling’s solution with the less caustic sodium carbonate, and the 
tartrate of Fehling’s solution wdth citrate. Furthermore by addition of 
sulfocyanate Benedict achieved the end that had escaped other chemists for 
decades, a solution which gives a sharp end point when titrated directly by 
addition of sugar solution to the boiling reagent. The cuprous copper 
formed by reduction is precipitated, not as the red o.xide, but as white 
cuprous sulfocyanate. 

The technique of analysis consists merely of running the urine from a 
burette into the boiling reagent until its blue color is completely replaced by 
the white of cuprous sulfocyanate precipitate. The simplicity of the pro- 
cedure and the calculation, and the reliability of the results have won this 
method its almost universal use. 


Reagents 

Alkaline copper solution. With the aid of heat dissolve 200 grams of 
crj'stalline sodium carbonate (or 75 grams of the anhydrous salt), 200 grams 
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of sodium or potassium citrate, and 125 grams of potassium thiocyanate in 
enough water to make about 800 cc. of solution. Filter. Dissolve e.\-actly 
18.0 grams of pure crystalline copper sulfate f CuSO. • 5 H 2 O) separately in 
about 100 cc. of water and pour this solution slowly into the first liquid, 
stirring constantly. To the resulting mixture add 5 cc. of a 5 per cent solu- 
tion of potassium ferrocyanide. Cool and dilute the final solution to exactly 
1 liter. Of the various constituents only the copper sulfate need be exactly 
weighed. Twenty-five cubic centimetersof the reagent are reduced by 50mg. 
of glucose. The reagent should be standardized by titration against a known 
solution of pure glucose by the regular procedure described below for urine 
analysis. If any red precipitate forms in the course of the titration the solu- 
tion is unsatisfactor}’. Ferrocyanide obtained on the market is somewhat 
variable. If the original directions of Benedict which are given below are 
followed, occasionally a reagent will be obtained in which the reduced copper 
oxide is precipitated. This is usually due to an insufficiency of the ferro- 
cvanide and can be overcome by the addition of a small excess of the salt. 

Crystalline sodium carbonate. 

Powered pumice or talcum. 

Procedure 

Before the titration the urine is diluted, if necessary, so that it con- 
tains not more than 1 per cent of sugar. Diabetic urine is ordinarily 
diluted 10-fold, 

To 25 cc. of the reagent in a wide-mouthed Erlenmeyer flask add 
about 15 grams of crystalline sodium carbonate (or half as much of the 
anhydrous salt), and a small amount of powdered pumice stone or tal- 
cum. The mixture is heated to boiling over a free flame and should 
be kept vigorously boiling throughout the titration. As soon as the 
carbonate has completely dissolved, the diluted urine is admitted, 
rapidly at first, imtil a chalk-white precipitate forms and the blue color 
of the mixture begins to fade perceptibly. It is then run in a few drops 
at a time imtil the last trace of blue disappears from the solution. Half- 
minute intervals must be allowed to elapse between additions of succes- 
sive portions of urine in the final steps of the titration. If the mixture 
becomes too concentrated during the titration, water may be added from 
time to time to replace the volume lost by evaporation. The end-point 
must be determmed while the solution is still hot. If it is allowed to 
cool the reaction tends to undergo a certain amount of reversal and the 
solution will reassume a slight bluish-green tint. With pure glucose 
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solutions the final mixture is entirely colorless except for the grayish 
appearance that may be imparted to it by the pumice. With urine a 
slight yellowish green color due to the urinary pigments remains even 
after the copper has been entirely reduced. 


Calculation 


The titration measures the volume of urine which contains 50 mg. of 
glucose. Hence 


grams of glucose in 1 liter of urine. 


V = the number of cubic centimeters of undiluted urine used in the titration. 

The method is useful onh* if the urine contains as much as 0.2 per cent of 
sugar. 

BEJCEDICT'S itEXHOD FOR QU.AXITATIVE DETECTION OF SUGAR IN URINE (5a) 

Benedict’s test for sugar in urine is so much used in following diabetic cases, that it has 
seemed desirable to insert it here. 


Reagent 

There is but one solution. It is made as follows: 


Copper sulfate, crj-stallized 17.3 grams 

Sodium citrate 173.0 grams 

Sodium carbonate, anhydrous 100.0 grams 

Distilled water to 1000.0 cc. 


With the aid of heat dissolve the sodium citrate and carbonate in about 600 cc. of water. 
Pour (through a folded filter if the solution is not clear) into a 1 liter graduate and make 
up to S50 cc. Dissolve the copper sulfate in about 100 cc. of water and make up to 
150 cc. Pour the carbonate-citrate solution into a large beaker or casserole and add the 
copper sulfate solution slowly, with constant stirring. 

Procedure 

Place 5 cc. of the reagent in a test tube. Add 8 drops (not more) of urine. 
Heat to boil and keep boiling 1 to 2 minutes, then let cool spontaneously. In the 
presence of more than 0.08 per cent of glucose the entire solution becomes filled 
with a precipitate, which may be red, yellow, or green. If the amount of glucose is 
small, the precipitate forms only on cooling. If none is present, the solution re- 
mains clear, or a faint turbidity due to urates may appear. Sometimes it is diffi- 
cult to tell whether the precipitate is characteristic of glucose or not. In such a 
case a quantitative fermentation test (see p. 452) is necessary. 
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SHAFFER AND HARTMANN’S COPPER TITR,A.TION METHOD (37) 

An alkaline citrate-oxalate-CuS 04 solution containing a known amount 
of KIO3 and excess KI is heated with the sugar, then at once acidified. 
The iodate sets free an equivalent of I2 by the reaction, 5 HI + HIO3 = 
3 H 2 O + 3 I 2 . Of the I 2 set free, part is at once reduced again by the 
cuprous copper which has been formed by the action of the sugar. 2 Cu'^ 
+ lo = 2 Cu^"^ +21“. The decrease in titratable iodine therefore measures 
the sugar. The oxalate combines i\nth the Cu'^‘^ to form non-ionized 
cupric oxalate, so that the reaction goes completely from left to right. The 
end-point is somewhat sharper than in Benedict’s method. 

Reagents 

Only potassium salts may be used in this method. Sodium salts in equiv- 
alent amounts can not be substituted. 

Alkaline copper-iodide reagent. Dissolve 81 grams of crystalline potas- 
sium citrate (K 3 C 6 H 507 -H 20 ), 70 grams of anhydrous potassium carbonate 
and 92 grams of crystalline potassium oxalate (K 2 C 204 -H 20 ) in about 600 
cc. of warm water. Into this solution pour, through a funnel extending to 
the bottom of the beaker, with constant stirring, 25 grams of crystalline 
copper sulfate (CuS 04 - 5 H 20 ) which has been dissolved separately in a 
small amount of water. Dissolve 3.57 grams of potassium iodate and 50 
grams of potassium iodide in 150 to 200 cc. of warm water and add this to 
the alkahne copper solution. Cool and dilute the final mixture to 1000 cc. 

5.0 .V sulfuric acid solution (approximate). Dilute 140 cc. of concentrated 
suh'uric acid (specific gravity 1.835 to 1.849) to a hter. 

0.1 X potassium thiosulfate solution, standardized by titration against io- 
date or biiodate in the presence of potassium iodide and free sulfuric acid, 
as described on page 33. This solution keeps better if it is protected 
against decomposition by CO 2 by the addition of enough sodium hydroxide 
to give about 0.02 n of NaOH. 

Starch indicator solution, prepared as described on page 34. 

Procedure 

To 50 cc. of the alkaline copper-iodide reagent in a 300-cc. Erlenmeyer 
flask, containing one or two glass beads or bits of broken porcelain, add 
an amount of urine containing between 50 and 150 mg. (at any rate less 
than 150 mg.) glucose and enough water to bring the total volume of 
solution to 100 cc. (e. g., if 15 cc. of urine is taken, 35 cc. of water must 
be added). Cover the mouth of the flask with a small inverted beaker 
and place it on an asbestos mat over a flame so adjusted that the solu- 
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tion will come to a boil in exactly four minutest When boiling has 
continued exactly five minutes remove the flask from the flame and cool 
the contents rapidly under running water. Then add 20 cc. of 5.0 n 
sulfuric acid slowly, shaking the flask cautiously all the while to prevent 
too rapid eflerv^escence of CO^. Solution of the cuprous oxide may be 
aided by warming the flask slightly (to about 40^"). Titrate with 0.1 n 
potassium thiosulfate until the green color is almost entirely dispelled. 
kt this point add 1 cc. of soluble starch indicator solution and complete 
the titration. 

Caknlatiou 

A blank analysis of the reagents gives the volume, B, of thiosulfate 
required to titrate the T from all the iodate in the reagent. In the sugar 
analysis a smaller volume, A, of thiosulfate suffices to titrate the I 2 left 
after part has been reduced by the Cu"^ formed from Cu++ by the sugar. 
The sugar is proportional to the difference, B — A. One cubic centimeter 
of thiosulfate should be equivalent to 6.36 mg. of copper or 2.92 mg. of 
glucose. The calculation therefore is according to the formula 

Grams of glucose in sample = 0.00292 (B — A) 


or 


Grams of glucose in 1 liter urine 


2.92 (B - A) 
V 


B and -4 = cubic centimeters thiosulfate to titrate blank and unknown, 
respectively. V is the cubic centimeters of urine in the sample. 

Because slight variations in the conditions under which heating is carried 
out may alter the factor from 2.92 it is well to test reagents with known glu- 
cose solutions. An empirical curve may be constructed for each new 
batch of copper reagent by the titration of samples containing 25, 50, and 
100 mg. of glucose. Such a curve permits the immediate translation of cubic 
centimeters of 0.1 N thiosulfate into terms of glucose. The thiosulfate itself 
must; however, be standardized at intervals against iodate or biiodate. 

Precautions. The volumes of the various solutions and the time con- 
sumed in boiling and cooling must not be altered in the least if satisfactory 
quantitative results are desired. If all the details of technique are metic- 
uloush” observed the method is susceptible of extreme accuracy. 

VAN SLYKE -AXD HA.WKIXS’ (42) GASOMETRIC EERRICYANIDE METHOD 

This method is described in the section on gasometric methods, page 472. 

^ This is not hard to effect with a micro burner if the latter is shielded from air currents. 
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HAWKINS AND VAN SLYKE's TIMING FERRICYANIDE METHOD (24, 25) 

The principles of this procedure and the reagents and apparatus required 
for it are the same as those used for the analysis of blood, which is de- 
scribed on page 475. The method is planned for use with urines containing 
so much glucose that measurement of total reducing substances gives sufS- 
cient information. It is accurate to within 1 gram of glucose per liter of 
urine. 


Reagents 

Ferricvanide solution. Same as for blood sugar, page 475. 

Procedure 

Dilution of urine. Ordinarily 1 cc. of urine is diluted with water 
to 100 cc. In urine so diluted the ferricyanide reagent will determine up 
to 3 per cent of glucose. In case the sugar content is known to be 
above 2 per cent, 1 cc. of urine is diluted to 200 or 400 cc., so that glu- 
cose up to 6 and 12 per cent respectively can be determined. On the 
other hand, if the urine as voided is presumably of low sugar content, 
it is best to dilute only 25-fold. Dilution is the only preliminary treat- 
ment of the urine required, as even albumin does not affect the deter- 
mmation. 

Decolorization of ferricyanide by diluted urine. 0.5 cc. of 
diluted urine is pipetted into a thin-wall Pyrex test-tube (9 by 90 mm. 
outside measurement) followed by 0.5 cc. of ferricyanide solution. 
The procedure from this point is exactly the same as in the blood 
sugar method described on p. 475. 

The amount of sugar in the urine is found by use of the curve in figure 63. 
If the urine has been diluted 200-fold instead of 100-fold, the sugar concen- 
trations indicated by the curve are doubled. On the other hand, they are 
halved if the dilution has been only 50-fold. 

APPLICATION OF BLOOD SUGAR METHODS TO THE ANALYSIS OF LTIINE 

Most of the methods which have been described for the analysis of blood 
may be applied to the analysis of urine, if the latter is sufficiently diluted 
and its color removed by some means. For the latter purpose various 
agents have been employed. 

The results obtained by these delicate blood sugar methods on normal 
urine or urine with only “traces” of sugar are, of course, grossly erroneous, 
because of the large amounts of non-glucose reducing substances present. 
In such urines greater accuracy can be obtained if these substances are 
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partly removed. For this purpose the Patein-Dufau mercury precipitation 
used by Benedict and Osterberg (10) is probably as satisfactory as any 
agent. The only accurate method as yet available, however, is rapid yeast 
fermentation. 

DETERMINATION OF FERMENTABLE SUG.AR IN ERINE BY MEASURING THE 
DECREASE IN REDUCING SUBSTANCES CAUSED BY TREATMENT 
WITH YEAST. VAN SLYKE AND HAWKINS (43) 

This procedure, with min'mum dilution of the urine, is designed primarily 
for urines containing amounts of reducing substances of the order of magni- 
tude found in non-diabetic cases. It is usually only in urines with slight 
reducing powers that one needs to determine fermentability of the material. 
The method as given is designed for urines with reducing powers not exceed- 
ing that of a 0.5 per cent glucose solution. Urines more heavily loaded with 
reducing substances must be diluted sufficiently to bring the total reducing 
power below that of a 0.5 per cent glucose solution. 

Reagents 

Oxalic acid solution, 0.1 M. Dissolve 9.0 grams of oxalic acid in water and 
dilute it to 1 liter. 

Lloyd’s alkaloidal reagent, a preparation of fuller’s earth. 

Yeast suspension. Twenty grams of Fleischmann’s compressed yeast cake 
are suspended in 50 cc. of water. It is unnecessary to wash the yeast be- 
cause there is so little reducing material in yeast compared with that in 
urine. The suspension contains about 40 v’-olumes per cent of yeast, as 
determined by centrifugation. 


Procedure 

Preparation of urine for analysis. The urine is subjected to 
preliminary treatment with Lloyd’s reagent to remove creatinine, uric 
acid and certain other non-fermentable reducing substances. The sub- 
stitution of oxalic acid for the sulfuric acid used by Folin and Berglund 
(16a) obviates the formation of a calcium precipitate if the urine is 
later to be mixed with ferricyanide-carbonate solution. 

A. To 10 cc. of urine add 5 cc. of 0.1 n oxalic acid, 5 cc. of water and 
1 .5 grams of Lloyd’s reagent. Shake the mixture gently for two minutes 
and then filter. 

B. A control filtrate is made at the same time using water instead of 
urine. 

C. To another 10 cc. of urine are added 7.5 cc. of yeast suspension. 
The mixture is allowed to stand for fifteen minutes. Five cubic centi- 
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meters of 0.1 x oxalic acid and 1-5 grams of Lloyd’s reagent are then 
added. After the mixture has been shaken for two minutes it is fil- 
tered. Under these conditions the yeast will remove glucose in amounts 
not exceeding 0.5 per cent. 

D. A control filtrate is prepared from a mixture in which 10 cc. of 
water instead of 10 cc. of urine are treated as in C- 

Analysis of the 4 Rlirates for sugar can be carried out by the gaso- 
metric urine sugar method (p. 408) or by any one of the methods de- 
scribed below for the determination of sugar in blood filtrates. 

Calculation 

(-4 — B) — (C — D) = fermentable urine sugar. 

Blood Sugar 

TYPES OF REDUCTION METHODS USED AND SIGNIFIC.ANTE OF RESULTS 

Until the last decade studies of the blood sugar were largely confined to 
the physiological laboratory because of the lack of suitable methods. Ber- 
trand’s (11) method, presented in 1906, met vith little immediate response 
from clinicians because it required more blood than could be readily ob- 
tained from a small incision of the skin. Wdien venous puncture became a 
common diagnostic procedure, a few years later, sporadic studies of the blood 
sugar appeared from various clinics. The total sum of these studies, how- 
ever, was small before 1913. In that year appeared the micro-copper 
method of Bang (2) and the picrate method of Lewis and Benedict (30, 31), 
which permitted the determination of sugar on small amounts of blood, and 
Bang (3) published his treatise on the blood sugar. There was an imme- 
diate response on the part of both chemists and clinicians that has led to the 
appearance of numerous micro methods and an enormous amount of work in 
the study of blood sugar. 

Ail the clinically applicable procedures thus far proposed take advantage 
of a single property of glucose, its activity as a reducing agent in hot alkaline 
solution. This, as stated already, is a property which is not specific for 
glucose. It is shared by many other substances that are found in appre- 
ciable concentration in normal blood, including creatinine, uric acid, gluta- 
thione, and ergothionine. According to Somog>d (39) the last two repre- 
sent most of the non-glucose reducing material. In general it appears that 
the method which indicates most nearly the true glucose content of blood is 
that one which wiU recover glucose quantitativeljTn pure solution and when 
it is added to blood, and which, at the same time, gives lowest values when 
applied to blood. 
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The methods in use before the copper procedures of Benedict (7, 9) ap- 
peared in 1926 and 1928 were fairly uniform in indicating the total reducing 
substances of the blood of normal fasting subjects to be usually 100 to 110 
mg. per 100 cc.. with occasional variations of 20 or even 30 mg. outside this 
range. Benedict's blood sugar reagents, however, give about 20 mg. less 
than previous methods. The recent colorimetric ferricyanide method of 
Folin ’*'15, 16 i, likewise gives results averaging about 20 mg. less than those 
bv other methods in the literature. Both these methods accurately indicate 
known amounts of glucose added to either water or blood. From these facts 
it seems that these two procedures are less influenced by non-glucose sub- 
stances in the blood then other methods, and give more nearly true glucose 
values. Herbert, Bourne, and Groen (26) find that the Benedict reagent (9) 
is unaffected by glutathione, which reduces most other reagents. These 
authors also present evidence that glutathione or other cell constituents are 
responsible for previous methods’ giving higher results than Benedict’s (9). 
They find that when the blood proteins are precipitated (as described on p. 
67,! without laking the cells, analyses of the filtrate by three methods wliich 
ordinarily show higher sugar values give the same results as analysis by 
Benedict's method (9). Criticisms of Everett (13), that the color developed 
by Benedict's reagent with blood filtrates fades enough more rapidly than 
that developed with standard glucose solutions to invalidate quantitative 
comparison, have been effectively answered by Benedict (8). However, 
even the Benedict reagent does not appear to give reduction values due 
to glucose and nothing else. After fermentation blood filtrates still show 
with this reagent reductions equivalent to 6 to 14 mg. of glucose per 100 cc. 
of blood (9, 43) . Also it appears possible that it may fall a little short of 
giving 100 per cent reduction with the glucose that is present. Van Slyke 
and Hawkins (43) found that the Benedict reagent gave about 10 mg. 
lower values for fermentable sugar than other (37, 42) methods, and Ben- 
edict (9'i, when he added known amounts of glucose to previously fer- 
mented blood, found by his method increases of 85 to 93, instead of 100 
per cent, of the amounts added. 

Apparently the following conclusions are justified. None of the methods 
at present available indicates exactly the glucose of the blood. Most 
methods except the latest ones of Benedict (7, 9) and Folin (15, 16) show in 
analyses of filtrates from whole blood amounts of reduction due to non- 
fermentable substances equivalent to the reduction caused by 20 to 30 mg. of 
glucose per 100 cc. of blood. The recent Benedict (9, 9a), and Folin (15, 
16) methods show* less non-fermentable reducing substances and also less 
fermentable, and the results are probably nearest to the true glucose values. 



DISCUSSION 


455 


Hov.'ever, any of the standard procedures may be trusted ordinarily to 
shov.' v.’hether a blood sugar is norm.al or hov/ much it deviates therefrom. 
In interpreting results the important consideration is that the Benedict (9) 
and recent Folin (15, 16) procedures show about 20 mg. less ‘‘sugar” per 100 
cc. of whole blood than other methods. It is by the other methods that 
practically all clinical data now in the literature have been obtained, on 
which the discussion of blood sugar in volume I is based. 

The relative values given by the Benedict (9) and Folin (15, 16) methods, 
and by the Shaffer titration and the gasometric ferricyanide procedures, 
which agree appro.ximately with most methods other than the Benedict and 
Folin, are exemplified in table 50. 


TABLE 50 

CoiiP.APJSON OF Blood Scg.aji V.alces by Differe.yt Methods. Data Include Both 
N oRiiAL -AND Glycemic Bloods. Feom V.an Slyke .and Hawkins (43) 


Mn.LIGE.\M3 OF SCG.AR PEE 
100 CC. BLOOD COlIP.iEED 
WITH THAT BA' BE.VEDICT’S (9) 
METHOD TAKEN' AS 1 00 



.Average 

Maxi- 

mum 

1 Mini- 
1 mum 

Shaffer-Hartmann-Somogvi copper titration (38) j 

121 

149 

o 

o 

Folin ferricyanide colorimetric (15, 16) 

98 

124 

86 

Van Slyke-Ha wkins ferricyanide gasometric and timing methods ^ 
(24,43) ! 

120 

138 1 

115 


Choice of methods 

The six blood sugar methods described in this volume are the copper titra- 
tion of Shaffer, Hartmann, and Somogyi, the ferricyanide titration of 
Hagedorn and Jensen, the colorimetric copper method of Benedict, the 
colorimetric ferricyanide method of Folin, the gasometric ferricyanide 
method of Van Slyke and Hawkins, and the timing ferricyanide method of 
the same authors. All of these methods are rapid, and all yield consistent, 
although as stated above, not identical results. 

If one is limited to blood samples of 0.1 cc. the choice of methods is limited 
to the Fo lin colorimetric, the micro form of Benedict’s colorimetric, and the 
Hagedorn-Jensen titration. If 0.2 cc. blood samples are regular!}' available, 
or aliquot parts of the Folin- Wu filtrate prepared for general blood analysis, 
any of the six methods may be used. 

Between the two titration methods, the choice is largely one of the t\pe of 
filtrate on which it is convenient to work. Both titrations are beautiful 
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iodometric procedures. The Shaffer is applied to the tungstic acid filtrate, 
and is most convenient when for general purposes that filtrate is routinely 
prepared. The Hagedorn-Jensen involves preparing by a rapid method its 
own filtrate from 0.1 cc. of blood by zinc deproteinization, and has with 
other ferricyanide methods the advantage of immunity from reoxidation by 
atmospheric oxygen. It is so convenient that it has acquired almost uni- 
versal use in Europe.- 

Of the two colorimetric methods it is difficult to say by way of comparison 
more than that the analyst may follow his artistic preference for colors and 
ease of manipulation. 

For one who has and enjoys the use of the manometric gas apparatus, the 
gasometric ferricyanide method offers its advantages of objective accuracy 
of measurement and freedom from standard solutions. 

The timing method, which is based on measurement of the number of 
seconds required to decolorize a yellow ferricyanide solution, is with respect 
to reagents, apparatus, and manipulation, the simplest of all, and permits 
performance of the most determinations in a given time. It is practically 
a bedside method. The error of the timing procedure, about ±5 per cent, 
is not sufficient to affect the clinical interpretation of results. 

In the use of all blood sugar methods it is necessary to observe the precau- 
tions mentioned in chapter 2 to prevent loss of sugar by glycolysis after the 
blood is drawn. 

COLORGIETRIC COBBER METHOD OR BENEDICT (9a)^ 

This method utilizes a procedure introduced by Folin and Wu (20) in 
which the cuprous salt formed by reduction is permitted to react with a 
molybdate solution The molybdate is partially reduced by the Cu+ to 
lower oxidation products of blue color, the intensity of which is a measure of 
the amount of copper reduced to the cuprous condition, and therefore of the 
sugar. 

While Folin himself has abandoned this reagent in favor of the one next 
described, based on ferricyanide reduction, Benedict (6, 7, 8, 9, 9-a) has studied 

-For additional volumetric procedures see: Forschbach and Leverin, Arch. f. exp.. 
Path. Pharm., 1912, 68, 341; Michaelis, L., Biochem. Z., 1914, 59, 166; Kowarsky, A., 
Deutsch, med. Woch., 1919, 45, 188; Schirckauer, Hans, Berl. klin. Woch., 1920, 57, 
227; Svend, Schweiz, med. Woch., May 5, 1921; Kleiner, I. S., J. Am. Med. Ass., 1921, 
76, 172. 

* Kiefer (29) has devised convenient portable apparatus which permits the determina- 
tion of blood sugar by the Folin and Wu method at the bedside of the patient with suffi- 
cient accuracy for most clinical purposes. He employs dilution colorimetry with a com- 
parator. The apparatus can be equally well used for the Benedict technique. 
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to improve the copper-molybdate reagent, making it more specific and sen- 
sitive. Benedict’s final reagent (9a) is a modification of Fehling’s, in which 
the alkalinity is diminished b}’ substituting sodium carbonate for hydroxide, 
and alanine is added because the amino acid appears to form with cupric 
salts a complex which is relatively unaffected by the non-glucose substances 
of the blood that reduce other copper reagents The addition of sodium sul- 
fite accentuates this effect, increasing the reactivity of the Cu^"^ with 
glucose and making the reacthdty relatively less v/ith non-glucose substance 
in the blood filtrate. In consequence the latest Benedict reagent, applied 
directly to tungstate or tungstomolybdate blood filtrates, determines non- 
fermentable substances equivalent in reducing power to only 4 to 8 mg. of 
glucose per 100 cc. of blood. 


Reagents 

C op per reagent. This reagent has the following composition : 


grams 

Sodium carbonate, anhydrous 15 

Alanine 3 

Rochelle salt 2 

Copper sulfate, crystallized 3 

Distilled water to make 500 cc. 


The alanine, Rochelle salt, and copper sulfate should be weighed accur- 
ately. The sodum carbonate may be -weighed more roughly. Dissolve 
the carbonate, alanine, and Rochelle salt in 300 to 400 cc. of distilled water. 
Dissolve the copper sulfate separately in 50 to 75 cc. of distilled water, and 
add this to the other solution -with constant stirring. Dilute to 500 cc. and 
mix. If kept in an ice box this solution wall remain without appreciable 
deterioration for six to eight wrecks. In a warm room it deteriorates more 
rapidly, as indicated by increase in the blank. 

One per cent soditmi bisulfite solution. 

Copper bisulfite reagent. To the copper reagent add l/20th its volume of 
the 1 per cent sodium bisulfite solution. Only enough of the mixture is pre- 
pared for the day’s analyses, as it deteriorates after one or twm days. 

Fhosphomolyhdic acid color reagent. Place 150 grams of pure molybdic 
o.xide (which must be free of ammonia) in a large Erlenmeyer flask, and add 
75 grams of pure anhydrous sodium carbonate. Add 500 cc. of water in 
small portions; shaking after each addition. Shake thoroughly and heat 
to boiling or until nearly aU of the molybdic oxide has been dissolved. An 
appreciable amount of insoluble material remains, w-hich is filtered off. The 
residue on the filter is washed with water until the total volume of filtrate 
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and washings is about 600 cc. Add 300 cc. of 85 per cent phosphoric acid 
(the concentrated, syrupy phosphoric acid of specific gravity 1.72) to the 
total filtrate, cool, and dilute to 1 liter. This solution has a slight yellow 
color when viewed in large volumes, but it does not affect significantly the 
blue color developed when the solution reacts with cuprous oxide. 

Timgsiic acid reagoits of Folia and \Vn or tiingstomolybdic acid reagent of 
Benedict ftor precipitating blood proteins. These are described on pages 65 
and 68 respectively. 

Standard glucose solutions. A stock standard 1 per cent glucose solution 
is prepared by dissolving 1 gram of pure, anhydrous glucose in w’-ater and 
diluting to 100 cc. Glucose deteriorates rapidly in alkaline solution and is 
also destroyed by bacteria, yeasts and molds. To prevent these changes 
Benedict (6) recommends the addition to the 1 per cent aqueous solution of 
a few cubic centimeters of toluol. As a further precaution the solution 
should be kept in the refrigerator. Under any circumstances it must be 
tested from time to time. 

Dilute blood sugar standards. Dilute 1 part of the stock standard to 100 
with water, to make a standard containing 0.1 mg. of glucose per cubic centi- 
meter, and layer the solution with a littla toluol. This standard must be 
renewed at least once a week. If the level of the blood sugar is above 160 
to 200 mg. or below 75 to 50 mg. per 100 cc. standards twice as strong or half 
as strong must be used, unless Rothberg and Evans tubes are employed (see 
below). These tubes permit the use of a single standard containing 0.1 
gram glucose per liter for the analysis of aU bloods containing not more than 
400 or less than 50 mg. of glucose per 100 cc. 

Special blood sugar tubes. The special Folin and Wu blood sugar tube is 
shown in figure 62. It is calibrated at 25 cc. and has a constriction above a 
bulb at the bottom. The constricted portion of the tube must not be more 
than 8 mm. in diameter and the bulb at the lower end must be of such a size 
that when 4 cc. of fluid are placed in the tube the upper level of the fluids will 
lie in the constricted portion. Rothberg and Evans (35) have suggested 
that the tubes for the standard sugar solutions be calibrated at 12.5 and 
25.0 cc. and that the tubes for the unknowm solutions be calibrated at 2,5 cc. 
intervals from 12.5 to 50.0 cc. By varying the dilutions standard and un- 
known can be so adjusted that specimens of blood containing as little as 50 
or as much as 400 mg. per cent of glucose can be analyzed with a single stan- 
dard containing 0.1 gram of glucose per liter. The use of tubes marked 
at 25 cc. w’ith tw'o standards, containing 0.1 and 0.2 gram of glucose per liter 
meets all ordinary requirements. For the micro procedure described below 
special modified Rothberg and Evans tubes are employed by the authors. 
These are graduated at 1.25 cc, intervals from 6.25 to 25.00 cc. The con- 
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stricted portion of the tube has an internal diameter of only 8 mm. and the 
bulb holds only 1 cc. 

In place of the specially constricted Folin-Wu or Rothberg and Evans 
tubes ordinary tubes properly graduated may be used, according to Benedict 
(6), vdth the following precautions to prevent reoxidation of the cuprous 
oxide. After the solutions are placed in the tubes and before they are 
heated, 3 to 4 drops of benzene are added and the tubes are stoppered with 
cotton. During the heating the benzene is completely vaporized and the 



Fig. 62. A, Folin-Wu blood sugar tube: B, Rothberg-Evans tube. The purpose of 
the constriction is to diminish the surface of solution exposed -j- atmospheric oxygen. 

heaxy vapor remains in the tube, excluding the air. Shaffer (personal com- 
munication) prefers to cover the mouths of the tubes with glass bulbs. 
These become sealed to the mouths of the tubes, shortly after heating is 
begun, by condensed water vapor. Most of the air is driven from the tubes 
by the heat, and convection currents in the remaining air are prevented by 
the sealed bulb. 


Procedure 

Transfer 2 cc. of Folin Wu or Benedict 1 to 10 blood filtrate (see pre- 
cipitation of blood proteins, p. 65 and 68) to a Folin and Wu or Roth- 
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berg and Evans blood sugar tube, and to another similar tube an equal 
amount of standard glucose solution. To each add 2 cc. of the copper- 
bisulfite reagent. Mix the contents of the tubes by shaking laterally 
and then place the tubes in boiling water for five and one-half to six 
minutes. At the end of this time cool them by immersion in cold water. 
Add 2 cc. of the color reagent. Mix the solutions. The cuprous oxide 
dissolves at once. After one to two minutes dilute the standard to 25 
cc. and the unknown to the same volume or, in case a Rothberg-Evans 
tube is used, to the volume which gives an approximate color match 
with the standard. The reading in the colorimeter is preferably made 
wdthin 10 minutes after dilution. 

Precautions. Care must be taken to see that all the reduced copper is dis- 
solved by the phosphomolybdic acid reagent before the solution is diluted. 
Colorimetric readings must be made as soon as possible after the colors have 
been developed, because the colors tend to change after a certain time (8, 
13). Such change does not occur for at least 10 minutes. No more solu- 
tions should be heated together than can be read in the colorimeter within 
10 minutes. The directions for heating and cooling the solutions must be 
followed with scrupulous care because variations in temperature or time 
affect the results significantly. 


Calciilatiojis 


1000 5 T' -a n 
U V, 


— milligrams of glucose in 100 cc. of blood. 


S and U = colorimetric readings of standard and unknown respectively; 
Tj and = the cubic centimeters to ■which standard and unknown, re- 
spectively, -were finally diluted; n = the strength of the standard solution 
in milligrams of glucose per cubic centimeter. 

WTien, as in usual routine analyses Va = Vu and 7i — 0.1, the formula 
simplifies to: 


100 S 

- — = milligrams of glucose in 100 cc. of blood. 

MICRO FORM OF BENEDICT’S COLORIMETRIC METHOD (9a) 

The reagents are the same as for the macro method described above, 
except for the tungstic acid or tungstomolybdic acid solution used to precip- 
itate the blood proteins. 
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Tungsiomolybdic add solution. Of the tungstomolybdate solution, de- 
scribed on page 68, 5 cc. are measured into a 250-cc. volumetric ilask. 
About 150 cc. of distilled water are added, followed by 5 cc. of the 0.62 x 
sulfuric acid. The solution is diluted to 250 cc. and mixed. It should 
be prepared fresh within three to five days of its use. This is the solution 
used by Benedict (9a). 

Tungstic acid solution. Twenty cubic centimeters of the 10 per cent 
sodium tungstate solution, described on page 65, are measured into a 500- 
cc. volumetric flask and diluted to about 400 cc. Twenty cubic centimeters 
of the I X sulfuric acid are then added, and the solution is made up to 500 
cc. The solution is kept protected from light, and is renewed whenever an 
appreciable precipitate appears in the bottom, or any trace of blue color is 
evident. 

Copper-bisidjite reagent. To the copper reagent described for the macro 
method 0.1 its volume of the 1 per cent bisulfite is added. Only enough of 
the mixture is prepared for the day’s analyses, for it deteriorates after one 
or two days. 

Standard glucose solution, 0.002 per cent. One cubic centimeter of the 
stock 1 per cent solution is diluted to 500 cc. 

Procedure 

For precipitation of the blood measure 5 cc. of either the tungsto- 
molybdic acid or tungstic acid solution into a 15-cc. centifuge tube. 
In a pipette calibrated to contain 0.1 cc. measure 0.1 cc. of blood and 
discharge this vigorously into the solution in the centrifuge tube, and 
rinse the pipette 2 or 3 times with portions of the mixture. Stopper the 
centrifuge tube, shake vigorously, and, after a minute or longer, centri- 
fuge for three minutes. 

Measure 2 cc. of the clear supernatant blood filtrate into a Folin-Wu 
sugar tube, add 1 cc. of the copper-bisuhite reagent, and mix. Add 
enough benzene to fill the constricted portion of the tube. 

In a similar tube one measures 2 cc. of the 0.002 per cent glucose 
standard solution, 1 cc. of the copper-bisulfite reagent, and benzene. 

Both tubes are heated for exactly five minutes by immersion in a 
vigorously boiling water bath. They are then cooled for one minute 
in a large volume of cold water (avoid shaking, which would favor ab- 
sorption of air and reoxidation of reduced Cu+) . Two cubic centimeters 
of the color reagent are added, the solutions are mixed by lateral shak- 
ing, and 3 cc. of water added to each tube. The contents are mixed 
at once by inversion, and read in the colorimeter within ten minutes. 
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Calculation 

= milligrams of glucose per 100 cc. of blood. 

U 

In case the sugar content is so high that S/U exceeds 2, the determination 
may be repeated vrith only 1 cc. of blood filtrate plus 1 cc. of water in place 
of 2 cc. of nitrate. The calculation then is 

= milligrams of glucose per 100 cc. of blood. 

COLORIMETRIC EERRICY.-INIDE METHOD OF FOLIN (15, 16, 17) 

The sugar is oxidized with alhaline potassium ferricyanide and the ferro- 
cyanide produced is measured colorimetrically as Prussian blue. Gum 
ghatti is added to keep the Prussian blue in colloidal solution. So intense is 
the resulting color that two separate determinations can be made on the 
e.xtract from 0.1 cc. of normal blood. 

The reactions are: 

KaFeCCNlfi + Sugar K4Fe(CN)6 

ferricyanide ferrocyanide 

(yellow) (colorless) 

3 K4Fe(CN)6 + 2 Fe 2 (S 04)3 = Fe4(Fe(CN)B)3 + 6 K 2 SO 4 
colorlesi yellow Prussian blue 

The final color is a mixture of the yellows of the excess ferricyanide and 
ferric sulfate with the blue of the Prussian blue. To eliminate the effect 
of the yellows, a light filter is used. 

Reagents 

Dilute tungstic acid. Transfer 20 cc. of 10 per cent sodium tungstate, pre- 
pared as described for the Folin-Wu precipitation of proteins (p. 65), to a 
1 -liter volumetric flask and dilute to about 800 cc. Add, while shaking, 20 
cc. of f K sulfuric acid and dilute to the mark. The acid must be accurately 
prepared. The reagent should be kept protected from the light. From time 
to time it should be tested for reducing materials by a blank on 2 cc. of 
reagent + 2 cc. of water. The reagent must be discarded if any blue color 
is obtained in the blank test. When the reagent stands longer than a fort- 
night a precipitate may form, with loss of the power to precipitate proteins. 

Potassium ferricyanide. Dissolve 2 grams of potassium ferricyanide^ 

* Potassiiun ferricyanide should be almost completely free from ferrocyanide and should 
always be tested for purity in this respect in the following manner. To 2 cc. of a 1 per 
cent solution of ferricyanide in a test tube add 3 cc. of water and 1 cc. of ferric iron solution. 



COLORIMETRIC FERRICYAKTDE METHOD OF FOLIN 


463 


in v/ater and dilute to 500 cc. The major part of this solution should be 
kept in a brown bottle in a dark closet. Reagent for daily use is also kept 
in a brown bottle and is stocked with only enough solution to last for 1 week. 

Sodium cyanide-carbonate. Dissolve 1.5 grams of sodium cyanide in water 
and dilute to 150 cc. Transfer 8 grams of anhydrous sodium carbonate to a 
500-cc. volumetric flask and dissolve it by means of about 50 cc. of water. 
With a cylinder (avoid pipette, poison!) add 150 cc. of the 1 per cent cyanide 
solution. Dilute the mixture to 500 cc. and mix. Discard the remainder 
of the cyanide solution. 

Ferric iron. Fill a liter cylinder to the mark with cold water. Push 
into this cylinder a circular piece of galvanized iron or copper window 
screening, large enough to form a bowl well below the surface of the water. 
On the screening place 20 grams of gum ghatti.® Cover the cylinder and set 
it aside for eighteen to twenty-four hours. At the end of this time remove 
the screen containing the undissolved residue, and strain the liquid through 
a double layer of clean towelling to remove dirt which has passed through 
the screen. 

By the aid of heat dissolve 5 gram of anhydrous ferric sulfate with 75 cc. 
of syrupy (85 per cent) phosphoric acid and 100 cc. of water. Cool the solu- 
tion and mix it with the gum ghatti solution. 

To the final mixture add 1 per cent potassium permanganate solution, at 
first 5 cc., and later about 3 cc., at a time, until the pink color of permanga- 
nate remains perceptible for at least five to ten minutes. This step is essen- 
tial for the oxidation of certain materials in the gum ghatti which reduce 
ferricyanide. 

If there is more than a trace of blue color at the end of 5 minutes, the salt must be recrystal- 
lized by the following process : 

In a liter beaker set in warm water (50°) dissolve 100 grams of potassium ferricyanide 
in 400 cc. of water by stirring. When the salt is dissolved filter the solution into a flask 
through a 24 cm. filter which has been previously washed with water. Cover the mouth 
of the flask with a beaker and cool the filtrate under running water. To 600 cc. of alcohol 
in a flask add about 0.1 cc. of bromine, and shake the solution a moment. Transfer the 
cold ferricyanide solution to a 2 liter beaker and add the brommated alcohol, with stirring. 
The ferricyanide comes down at once. The solution is filtered immediately through a 
well fitting hardened filter paper on a 10-cm. Buchner funnel. The precipitate is washed 
on the filter with 150 cc. of alcohol to which 2 or 3 drops of bromine have been added, 
then with 100 cc. of ether containing enough bromine to give it a good straw-yellow color, 
and finally with 25 cc. of ether containing no bromine. The last ether is removed as 
completely as possible by strong suction. The precipitate is then blown on to a large 
watch-glass or plate and dried at about 50°. The yield should be about 80 grams, 

s Gum ghatti no. 2, suitable for this purpose can be purchased from Howe and French, 
in Boston, or from Eimer and Amend, in New York. 
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Standard glucose solution. Dissolve 2 grams of benzoic acid in about 500 
cc. of hot water in l-!iter Florence tlask. \\ ith the aid of the warm benzoic 
acid solution rinse grams of pure anhydrous glucose into a liter 

volumetric i:ask. Add water to make about 900 cc., cool to room tempera- 
ture, dilute to volume and mix. Keep this stock standard solution, tehich 
contains 2 mg. of glucose per cubic centimeter, in a glass-stoppered bottle. 

From the stock solution the dilute working standard, containing 0.01 mg. 
of glucose per cubic centimeter isprepared as needed in the followdng manner. 
In a 2-liler volumetric nask place 0.5 gram of benzoic acid and about 1500 
cc. of water. Add 10 cc. of the stock glucose solution and shake occasionally 
until the benzoic acid has dissolved. Dilute the solution to 2 liters and mix. 
The dilute standard should be kept covered with a thin layer of toluol in a 
glass stoppered bottle. 

Procedure 

Precipitation of proteins is carried out by a modified Folin-Wu 
technique. With a pipette accurately calibrated to contain 0.1 cc. 
transfer this amount of blood to a conical centrifuge tube containing 
10 cc. of the dilute tungstic acid solution. Rinse the pipette by sucking 
the tungstic acid to the mark two or three times. (The outside of the 
pipette must, of course, be wiped clean of adherent blood before it is 
introduced into the acid.) Stir the mixture in the tube with a footed 
glass rod and then centrifuge three to five minutes. 

Determination. To 4 cc. of the blood filtrate in a test tube of ordinary 
shape marked at 25 cc. add 2 cc. of the 0.4 per cent ferricyanide solution 
and 1 cc. of the cyanide-carbonate solution. At the same time treat 
in the same manner 4 cc. of the dilute standard glucose solution in a 
similar tube. Heat both tubes m bollmg water for eight minutes. 
After cooling them m running water for one to two minutes, add to each 
5 cc. of the acid ferric iron solution. This should be introduced along 
the side cf the tube to prevent foaming. Mis by gentle shaking, dilute 
the contents to volume, mix again and compare standard and im- 
known in the colorimeter. The surfaces of the solutions are apt to 
be obscured by foam when the dilution is made. In this case, dilute 
to a little less than 25 cc., add two or three drops of alcohol to dispel 
the foam and then dilute exactly to the mark. 

Preparation of yelloiL' light filters. Because the final color is a combina- 
tion of those of Prussian blue and yellow unreduced ferricyanide in varying 
proportions depending upon the amount of glucose present, colorimetric com- 
parison can be made in the ordinary way only if standard and unknown are 
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verv nearly the same. To obviate the necessity of preparing multiple stand- 
ards Folin and IMalmros (17) advocate the introduction of a yellow light 
niter. This can be prepared in the following manner. To 5 gram of picric 
acid, dissolved in 100 cc. of methyl alcohol, are added 5 cc. of 10 per cent 
sodium hydroxide solution. This solution is poured on to a pack of 8 or 10 
niter papers, which have been laid on a level smooth mat of newspaper, un- 
til the filter papers are saturated and an excess of solution has soaked 
through at the bottom and flowed out at least 2 cm. from the filters on the 
newspaper mat. WTien all the liquid has evaporated and the filter papers 
are perfectly driq pour over the pack an excess of a 3 per cent solution of 
paraffin in benzine (gasoline), then again leave the papers to dry. All of the 
filters should be evenly stained yellown A heavy filter paper wdth good ab- 
sorbing qualities (e.g., Schleicher and Schiill, no. 604) is most satisfactory. 
Such filters, supported by glass, may be attached to frames which fit over 
the light aperture of the colorimeter lamp. Such light filters can only be 
used for artificial light with strong illumination. To test the adequacy of 
the filter, place in one cup of the colorimeter 0.2 per cent potassium ferri- 
cyanide solution, in the other ivater. If the light filter is adequate the 
colors of the two'fields can be made to match. 


100 5 99 S 

1.01 U U 


Calculation 

milligrams of glucose per 100 cc. of blood. 


This formula holds if a standard solution containing 0.01 mg. of glucose per 

100 

cubic centimeter is used. The factor is used because the original vol- 
ume to w’hich the blood is diluted is 10.1 cc. (10 cc. of tungstic acid solution 
-f-O.l cc. of blood). If a standard tivice as strong is used the milligrams of 

glucose per 100 cc. is —jj-- 


TITRATION COPPER METHOD OF SH.A.FFER, H.ARTMAN AND SOMOGYI (37, 38)® 

The method depends on the reduction of hot cupric salts by sugar to 
cuprous oxide. The latter is converted by acidification to cuprous sulfate 

® Both the macro- and micro-determinations described differ somewhat from those 
which have been published. For the changes we thank Prof. P. A. Shaffer, to whom the 
manuscript of this chapter was submitted while it rvas in preparation. For his permission 
to present certain unpublished improvements on his own analytical methods and for 
valuable criticism and suggestions dealing with more general aspects of sugar determina- 
tion, the authors desire to acknowledge their appreciation. 
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v.’liich is reoxidized to the cupric salt by a known excess of iodine liberated 
in the solution by the acidification of iodate and iodide. Oxalate is added to 
drive the reaction towards the cupric side by the formation of complex ions 
of alkali cupric-oxalate. The amount of iodine consumed in the oxidation 
is determined by titration with standard thiosulfate (see p. 449-50). 

Reagents 

Alhalir-e-coppcr-iodhie reagevJs 1. Dissolve 20 grams of anhydrous sodium carbonate, 
25 grams of sodium bicarbonate and 25 grams of Rochelle salt (sodium and potassium tar- 
trate) in 600 cc. of water. Dissolve / grams of crj'Stalline copper sulfate (CuS 04 - 5 H 2 O) 
separately in about 100 cc. of water. Introduce the copper solution into the carbonate- 
tartrate through a funnel, the tip of which rests on the bottom of the beaker, stirring the 
solution well during the addition to prevent loss of COo. Add to the mixture 10 grams of 
potassium iodide, 5 grams of potassium oxalate and 22 cc. of an alkaline standard normal 
solution of potassium biiodate. The latter solution contains per liter 32.498 grams of 
potassium biiodate, KH (lOs);, and 83.3 cc. of 1 xr potassium or sodium hydroxide. The 
mixed solution of cupric sulfate, iodide, and alkaline iodate is diluted to 1 liter. The ad- 
vantage of adding an exact amount of accurate standard biiodate is that the reagent thus 
becomes a convenient and accurate means of standardizing the thiosulfate. Five cubic 
centimeters of the reagent, titrated without heating, requires 22.00 cc. of 0.005 N thiosul- 
fate. This reagent is, according to Shafier and Somogyi (unpublished) somewhat less 
sensitive to non-sugars than that proposed by Somogyi (38), results with which are quoted 
in table 50, and is more sensitive to low concentrations of sugar than that of Shaffer and 
Hartmann (37). 

Reagent 2. Somogjd (unpublished) finds that a reagent still more sensitive to low con- 
centrations of sugar and less sensitive to non-sugars can be prepared by the following 
formula, following the general method of preparation described above; Anhydrous sodium 
carbonate 25 grams, sodium bicarbonate 20 grams, RocheUe salt 25 grams, copper sulfate 
7.5 grams, potassium iodide 5.0 grams, and 22 cc. of a normal biiodate solution (see above). 
At the concentration of Cu and iodide at the end-point the effect of tartrate holds the 
equilibrium even ■without oxalate. After this solution has been titrated with thiosulfate 
the blue starch iodide color returns after thirty minutes or so, but this is a matter of no 
consequence. The solution is especially well adapted to the analysis of Somogyi zinc 
filtrates described below. 

-4 1.0 -Y solution of sulfuric acid. 

Standard sodium thiosulfate solution. A 0.1 N sodium thiosulfate solution, 
prepared by standardization against potassium biiodate or iodate after its 
reaction with an excess of potassium iodide and sulfuric acid (see p. 33). 
The thiosulfate keeps better if it is made up in about 0.02 n sodium hydro.x- 
ide, which protects it from decomposition by CO 2 . It should be standard- 
ized at least once a month against iodate or biiodate. 

From this solution 0.005 n thiosulfate is prepared daily by 20-fold 
dilution with water containing a few drops of 10 per cent sodium hydroxide 
to a liter. The dilute thiosulfate is checked by titration of 5 cc. of the cop- 
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per reagent, %vhich requires 2’2.00 cc. of the thiosulfate. If the copper rea- 
gent is protected from evaporation, this affords an extremely satisfactory 
means of standardization. 

.4 1 per cent soluble starch solution (for preparation, see p. .14) 

Procedure 

Add 2 to 5 cc. of Folin-Wu tungstic acid blood filtrate (see precipita- 
tion of proteins, p. 65), containing not more than 2 mg. of glucose, to 
5 cc. of the copper reagent in a test tube, 25 by 200 mm., and dilute the 
solution to 10 cc. with water. Stand the tube, covered with a small 
beaker, or preferably a glass bulb, and supported in a metal rack to 
prevent agitation, in boiling water for fifteen minutes. At the end of 
this time remove it from the bath and cool it rapidly to room temperature 
in a pan of cold water (not by shaking it under ru nnin g water). Add 
5 cc. of 1.0 N sulfuric acid and, after about a minute, titrate with 0.005 
X .potassium thiosulfate until the green color is nearly dispelled. At 
this point add 1 cc. of soluble starch and complete the titration. During 
the t^ation the solution is stirred with a rod having a foot nearly the 
diameter of the test tube to insure rapid and complete mixing. For the 
most accurate results 25 cc. burettes calibrated in 0.05 cc. and read to 
0.01 cc. are required. 

Calculation 

A is the number of cubic centimeters of 0.005 x thiosulfate required to 
titrate the unknown, 

B is the cubic centimeters required to titrate the blank. 

C is the cubic centimeters of 0.005 n thiosulfate equivalent to the Cu‘^+ 
reduced to Cu+ by sugar. 

C = B - A. 

C is not exactly proportional to the amount of sugar, although it is a 
linear function of it. With Reagent 1 the relationship, when 5 cc. of blood 
filtrate are titrated, is expressed by the equation 

Milligrams of sugar per 100 cc. blood = 21.8 C -f- 16. 

To avoid the necessity of carr}fing out this calculation table 51 -A is given, in 
which values of C are translated directly into milligrams of sugar per 100 cc. 
of blood. Table 51 -B gives similar data for Reagent 2. When the cubic 
centimeters of filtrate titrated are other than 5, the values in the tables 

5 

are multiplied by — r: : — — — 7“* 

cubic centuneters filtrate 
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If preferred an empirical curve of glucose equivalents may be constructed 
for each new copper solution by the titration of samples containing various 
known quantities of glucose from 0.05 to 0.40 mg. Such a curve permits 
the immediate translation of cubic centimeters of thiosulfate into terms of 
milligram of glucose. It does not. however, eliminate the necessity of 
standardizing the thiosulfate. 


TABLE 51-A 

For Shaf F£R-H.^.?.T i3;.\N*x-S0M0Gvr Blood Sugar ^Method with Re.agenx No. 1 
Amounts of glucose (milligrams per 100 cc. of blood) corresponding to titration values 
(dinerence from blank) when 5 cc. of 1 : 10 blood filtrate are heated for fifteen minutes in 
25 by 200 mm. covered test tubes in a boiling water bath. 

TEKTHS OF 1 CC. OF 0.005 N THIOStTLF.ATE SOLTITIOM 

ll£TESi 

OF 0.005 N 

THIOFCLF.eTE 

Milligrams ot glucose in 100 cc, of blood 


0 

1 

14 

16 

18 

21 

23 

25 

27 

30 

33 

1 

35 

37 

39 

42 

44 

46 

48 


53 

■ 55 

2 

: 58 

60 

62 

65 

67 

69 

71 

73 

75 

78 

3 

; 81 

83 

85 

88 

90 

92 

94 

96 

99 


4 

, 103 

105 

107 

110 

112 

114 

116 

119 

121 

123 

5 

' 125 

127 

129 

132 

134 

136 

138 


143 

145 

6 

; 147 

149 

151 

154 

156 

158 

160 

162 

165 

167 

7 

; 169 

171 

173 

176 

178 

180 

182 

184 

187 

189 

8 

; 191 

193 

195 

198 

200 

202 

204 

206 

208 


9 

212 

214 

216 

218 

221 

223 

225 

227 

229 

232 

10 

. 234 

236 

238 

241 

243 

245 

247 


252 

254 

11 

! 256 

258 

260 

263 

265 

267 

269 

272 

274 

276 

12 

! 278 

280 

282 

285 

287 

289 

291 


296 

298 

13 

i 300 

302 

304 

306 

308 

310 

312 

314 

316 

319 

14 

i 321 

323 

325 

328 

330 

332 

334 


339 

341 

IS 

' 343 

345 

347 

350 

352 

354 

356 

358 

360 


16 

; 364 

366 

368 

370 

373 

375 

377 

379 

382 


17 

; 3S6 

388 

390 

393 

395 

397 

399 

401 

404 


IS 

• 408 

410 

412 

415 

417 

419 

421 

423 

425 

427 

19 

; 430 



\ 

1 








Precautions. The proportions of the various solutions prescribed above 
must be presen'ed unchanged. The directions for heating and cooling must 
be followed meticulously because variations of time and temperature affect 
the results significantly- 
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SOMOGYl'S MICRO-MODIFICAMIOX OF THE SHAFFER AND HARTMAN’N 

METHOD (38) 

Somogyi has recommended a modification of the Shaiter and Hartmann 
method that permits the analysis of as little as 0.2 cc. of blood. The pro- 
cedure is carried out on a 1/15 tungstic acid blood filtrate. 

TABLE 51-B 

For Shaffes-H.^rtmanx-Souogvi Blood Sugar Method \\tth Reagent No. 2 

Amounts of glucose corresponding to titration values when 5 cc. of 1:10 blood filtrate 
and 5 cc. of copper reagent No. 2 are heated in water bath for fifteen minutes. 


TENTHS OF 1 CC. O? 0.005 N* THIOSVLFATE 


ilETEKb 

or 0.005 N 

THI05CXF.\TE 

« 1 

1 ! 

! 

7 1 

~ 1 

, 1 

vY i 

4 j 

t 

" 1 

6 1 
t 

T 1 

8 j 

Q 

£—.1 



Milligrams 

of glucos 

in 100 cc. of blood 



0 • 


7.5: 

10.0;' 

12. 5i 

15. oj 

17.5! 

20.0 

22.5! 

25.0! 

27.0 

1 

29.5 

32.0 

34.5, 

37.0! 

39.0; 

41.5- 

44.0 

46. Oj 

48. 5| 

50.5 

2 

53 . 0; 

55 . o| 

57.5 

59. 5i 

62.0' 

64. o| 

66. 5j 

69. 0: 

71. oi 

73.0 

3 

75.5* 

78.0, 

so.o! 

82. 0! 

84.5: 

87.0! 

89. Oj 

91.5 

93.5! 

96.0 

4 

98. o: 

100. o' 

102. 5| 

105.0, 

107.0 

109.0; 

111.5! 

113. 5} 

115. 5j 

IIS.O 

5 

120.0 

122.5* 

125 0- 

127.0, 

129.0; 

131.5 

134. oi 

136. Oj 

138.0: 

140.5 

6 

143.0' 

145. o' 

147.0* 

149. Oi 

151.0’ 

154.0 

156.0 

158. Oj 

I6O.OI 

163.0 

7 

165. 0| 

167.0 

169.0; 

171.0; 

174.0 

176.0 

178.0 

180.0, 

182.01 

ISS.O 

8 

187. 0* 

189. o' 

191.0, 

194.0 

196. 0! 

198. ol 

200.0; 

202. Oj 

204. 0| 

207.0 

9 

209.0! 

211.01 

213.0. 

215.0! 

218.0 

220.0; 

222.0) 

224.0, 

226.0 

229.0 

10 

231. 0| 

233. Oi 

235.0! 

237.0! 

240.0, 

242.0 

244.0' 

246.0: 

248.0.; 

251.0 

11 

253.0 

255. 0| 

257.0, 

260.0! 

263.0 

265.0, 

267. oj 

269.0; 

271.0) 

274.0 

12 

276.0) 

278.0, 

280.0 

283.0, 

285. 0| 

287. oj 

290. 0! 

292.0! 

294.0: 

296.0 

13 

298. O; 

300.0: 

303. Oj 

305 . 0. 

307.0; 

309.0^ 

312.0: 

314. Oi 

316.0; 

318.0 

14 

320. 0| 

322. Oi 

325.0 

327. 0l 

329.0- 

331.0' 

334.0! 

336.0! 

338.0: 

340.0 

15 

342. 0| 

344.0! 

347. Oj 

349. oj 

351.0: 

353.0’ 

355.0) 

358.0: 

360.0 

363.0 

16 

364.01 

366. 0! 

369.01 

371.0; 

373.0, 

375.0 

377.0: 

380.0 

382.01 

384.0 

17 

386.01 

f 

388 . Oj 

390. Oj 

392. oj 

394.0! 

396.0: 

398. 0| 

400.0 

1 

1 



Reagents 

An 0.0667 {1/15) -v solution of sulfuric acid. 

A 2.5 per cent solution of sodium tungstate^ prepared by dilution from the 
usual 10 per cent Folin-Wu solution (see p. 65). 

Copper reagent. Either one of the copper reagents described in the 
macro-procedure above may be used equally veil. Calculation values for 
Reagent 1 can be found in table 52. There are no such factors available for 
Reagent 2. 
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.1 1 .V sulfuric acid solidiou. 

A OJiOS .V sodium thiosuifafc solution standardized as described in the 
macro-procedure; above. 

Procedure 

Preparation of protein- free blood filtrate. Into a conical centri- 
fuge tube measure 2 cc. of 0.0667 x sulfuric acid. Into this deliver 0.2 
cc. of blood from a pipette, calibrated to contain this amount. Rinse 
the pipette by drawing the acid mixture to the mark and expelling it a 
few times, and then withdraw the pipette, while blowing through it, along 
the side of the tube. Mix the contents of the tube well by stirring with 
a footed glass rod and, after a few moments, add exactly 0.8 cc. of 2.5 

TABLE 52 

For rslicp.o SHAFFEa-HARTU-Vs'K-SoiioGYi Blood Sugar AIethod with Reagent 1 

Ainounts of glucose corresponding to titration values when 2 cc. of 1 : 15 blood filtrate 
and 2 cc. of copper reagent are heated in water bath for fifteen minutes. 


TENTHS OF 1 CC OF 0.005 N THIOSTXt-FATE 


METERS 

OF 0.005 N 

TEIOSrLF.^TE 

B-A 

0 

1 1 2 

3 

4 

5 

6 

7 

8 

9 

1 

1 


Alilligrams of glucose in 100 cc. of blood 



0 



39 

50 

58 

67 

75 

83 

92 

100 

1 

i 107 


124 

132 

141 

149 

157 

166 

174 

182 

2 

190 

198 

207 

215 

224 

231 

239 

248 

256 

264 

3 

; 272 

280 

289 

297 

305 

313 

321 

330 

338 

346 

4 

I 354 

362 

370 

379 

387 

395 

403 

412 

420 

428 

5 

j 436 

444 

452 

460 

469 

477 

485 

493 

502 

510 

6 

i 51S 

527 

534 

542 

551 


566 

575 

582 

590 


I 599 

607 

615 

623 

632 


647 

655 

663 

671 


per cent sodium tungstate. Mix well by stirring, cover the tube with 
a cork, tin foil or rubber cap, and then centrifuge. 

Determination. Transfer 2 cc. of the filtrate to a clean test tube, 
16 by 150 mm. in size, add exactly 2 cc. of copper reagent, mix by gentle 
shaking) cover the tube with glass bulb and heat it in boiling water 
for ten minutes. The tube should be supported in a metal rack in 
the bath to prevent agitation of its contents. At the end of the ten 
minutes, cool the solution rapidly by immersion in cold water, not by 
taking under running water. Add 2 cc. of 1 n sulfuric acid, shake the 
tube until the cuprous oxide is completely dissolved and, after a minute 
or two, titrate the solution with 0.005 N thiosulfate from a micro-burette, 
as described above. 
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For the transfer of blood filtrate, a 2 cc. pipette is used, over the 
end of which a tuft of absorbent cotton has been twisted, to act as a 
filter. 

Calculation 

A blank determination is made on the reagents. The calculation is made 
as described for the macro form of this method above with the values in 
table 52, if copper Reagent 1 has been used. 

xA.n empirical curv’-e of glucose equivalents may be constructed and used, 
as described under the macro-procedure, vith either copper reagent. The 
aliquot used for analysis is equivalent to 0.133 cc. of blood. 

Precautions. Any agitation of the test tubes from the beginning of heat- 
ing in the water bath up to the addition of the acid before the titration should 
be avoided to minimiae reoxidation of cuprous o.xide by air. The precau- 
tions which have been mentioned under the macro-procedure must be care- 
fully observed. 

TITR.VTION EERRICYANTDE METHOD OE HAGEDORN AND JENSEN (22) 

The method depends on the quantitative reduction of potassium ferri- 
cyanide by sugar in an alkaline solution, and the iodometric titration of the 
excess ferric salt. 

2 K 3 Fe(C ]^)6 -f 2 KI = 2 q- I. 

Reagents 

0.1 N sodium hydroxide, prepared weekly by dilution from 2 n sodium 
hydroxide. 

0.45 per cetit zinc sulfate, prepared weekly by dilution from 45 per cent 
zinc sulfate solution. 

0.005 N alkalme ferricymiide. 1.65 grams of potassium ferricyanide and 
10.6 grains of fused sodium carbonate are dissolved in ivater and made up to 
1 liter. This solution wiU keep in a dark bottle for two months. The potas- 
sium ferricyanide must be purified. This can be done by the method of 
Folin described above, or in the following manner. The crude crystals are 
first washed with cold water and then dissolved in hot water. The solution 
is filtered through a small filter paper which has previously been washed 
with hot w'ater. The filtrate is allowed to crystallize in a procelain dish 
surrounded by ice water. The crystals are freed from excess water by blot- 
ting with -washed filter paper and are then dried in an oven at 50°C. The 
salt should not be exposed to strong light, but kept in a dark bottle. It 
should not contain ferric salts or ferrocyanide. 
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Test for ferric salts. To 5 cc. of a 5 per cent solution of ferricyanide add 1 
drop of 10 per cent sulfuric acid and 1 drop of 1 per cent potassium ferro- 
cyanide. U.Ol mg. Fe in the form of Fe-^'^+ ions gives a blue color. 

'Fest for fcrrocyaniJc. To 1 cc. of ferricyanide add a few drops of 1 per 
cent fresh ferric chloride and a few drops of 1 x HCl. 0.02 mg. of ferro- 
cyanide will give a blue color. 

The sodium carbonate is recrystallized and fused in a platinum crucible. 

Folin and IMalmros (IS.) suggest that the carbonate and ferricyanide be 
made up as separate solutions,, because the alkali hastens decomposition 
of ferricyanide. 

Iodide ami zinc reagent. Five grams of potassium iodide, 10 grams of 
zinc sulphate and 50 grams of sodium chloride are dissolved in 200 cc. of 
water. This solution is not stable. Stock solution is made up without the 
KI and the potassium iodide is added to portions as needed. When free 
iodine is discernible in this solution most of it can be removed by filtration 
through a thick filter paper. Small amounts of iodine are taken care of in 
the blank analysis. This solution must not contain iron. 

Acetic acid. Three cubic centimeters of glacial acetic acid made up to 100 
cc. with water. The acid must be free from iron. 

Starch solution. One gram of soluble starch dissolved in 100 cc. of satu- 
rated sodium chloride solution with tlie aid of heat (see p. 34). 

0.005 .V sodium thiosulfate. 0.7 gram are dissolved in water and made up 
to 500 cc. This solution is allowed to stand for several days before using. 
It is standardized frequently with potassium iodate solution (see p. 33). 

0.005 -V standard potassium iodate solution. Ten cubic centimeters of 
standard 0.1 x iodate (p. 32) are diluted to 2 liters. 

Procedure 

Precipitation of blood proteins. 0.1 cc. of blood is delivered 
from a capillary pipette calibrated to contain this amount, into a test 
tube containing 1 cc. of 0.1 x NaOH and 5 cc. of 0.45 per cent zinc sulfate 
solution. The pipette is rinsed twice with the solution in the test tube. 
The test tube is then placed in a boiling water bath for four minutes, 
cooled and the contents filtered through washed cotton on a 3 to 4 cm. 
wide funnel into a short, wide, test tube (30 by 90 mm.). The residue 
is washed 3 times with 3 cc. portions of water. The filtrate can be set 
aside for as long as one hundred hours at room temperature at this tune 
without aflcecting results. Folin and Malmros (18) have called attention 
to the fact that the size of the cotton filter makes some difference. They 
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claim that only about 20 mg. of cotton should be used and must be only 
loosely inserted in the funnel. If larger amounts are used some sugar 
will be lost. 

Reduction of ferricyanide by blood filtration. To the protein- 
free filtrate (about 14 cc.) exactly 2 cc. of the alkaline ferricyanide solu- 
tion are added. The tube is then immersed in boiling water for exactly 
fifteen minutes. Usually a series of tubes is heated at once ; it is con- 
venient to use a cylindrical copper rack, such as is employed by bac- 
teriologists, to hold the tubes. The solutions are cooled by immersing 
the tubes in cold water for three minutes. After cooling there is no 
danger of reoxidation of ferrocyanide even if the tubes are allowed to 
stand for several hours exposed to the air at room temperature. 

Blank determination. A blank determination is performed on all 
reagents without the addition of blood filtrate. This determination is 
carried through in all details exactly like the analysis of the blood fil- 
trate, including the filtering through cotton. 

Titration. To the previously heated ferricyanide-sugar solution 
are added 3 cc. of the iodide-zinc solution and 2 cc. of acetic acid. 
The quantity of these need not be measured very exactly, and the 
solution can be set aside for a short time if desired. The solution is 
titrated by adding thiosulfate from a Bang micro burette (see p. 13) 
until the yellow color has almost disappeared. One drop of starch 
solution is then added and thiosulfate run into the solution drop by drop 
until the red-blue color just vanishes. The number of cubic centi- 
meters of thiosulfate used are then read on the burette, A, if a blood 
filtrate is analyzed; B, if the determination is a blank without sugar. 

Standardization of thiosulfate solution. A solution of 3 cc. of 
the iodide-zinc solution, 2 cc. of acetic acid, 15 cc. of water, and exactly 
2 cc. of the standard potassium iodate solution is used. Thiosulfate is 
added from the micro burette until most of the iodine has disappeared. 
Then one drop of starch is added and the solution is carefully titrated 
until the red-blue color vanishes. The factor for the 0.005 N thio- 


sulfate is 


2 

cc. thiosulfate' 


Precautions. The potassium ferricyanide must be added quantitatively 
from a calibrated Ostwald pipette. The titration with sodium thiosuhate 
must be carefully performed, using a calibrated micro burette divided in 
intervals of 0.02 cc. 
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The amount of 
equation 


Calculation 

glucose present in the sample may be calculated from the 


G1 = 0.1735 C -j- 


Q.0Q5 C 
2.27-C 


TABLE 53 

For Hagedorn- Jensen^ Blood Sugar Titration 
The table gives milligrams of glucose per 100 cc. of blood indicated bj”- A, the cc. of 
0.005 N thiosulfate used, when the blank, B, is exactly the theoretical 2,00 cc. If, because 
of reducing impurities in the reagents, the blank is less than 2.00 cc., the difference, 
2.00 — B, is subtracted from.I as a correction, and the corrected^ is applied to the table. 


.4 

j HCNDKEDTHS OF 1 CC. OF 0.005 N THIOSULFATE 

CUBIC 

0 

1 ^ 

1 2 1 

1 ^ 

1 ^ 

! ^ 

1 

1 ^ 

1 « 

1 ' 

THIOSULFATE j 

Milligrams of glucose in 100 cc. of blood 

0.0 1 

[ 3S5 1 

382 

379 

376 

373 

370 

367 

364 

361 

358 

0.1 i 

I 355 1 

352 

350 

348 

345 

343 

341 

338 

336 

333 

0.2 

331 

329 

327 

325 

323 

321 

318 

316 

314 

312 

0.3 

310 1 

308 

306 

304 

302 

300 

298 

296 

294 

292 

0.4 

290 

288 

286 

284 

282 

280 

278 

276 

274 

272 

0.5 

270 i 

268 

266 

264 

262 ! 

260 

259 

257 

255 

253 

0.6 

251 ! 

249 

247 

245 

243 

241 

240 

238 

236 

234 

0.7 

232 i 

230 

228 

226 

224 

222 

221 

219 

217 

215 

O.S 

I 213 i 

211 

209 

208 

206 

204 

202 

200 

199 

197 

0.9 

195 

193 

191 

190 

188 

186 

184 

182 

181 

179 

1.0 

177 

175 

173 

172 

170 

168 

166 

164 

163 

161 

1.1 

I 159 

157 

155 

154 

152 

150 

148 

146 

145 

143 

1.2 

1 141 

139 

138 

136 

134 

132 

131 

12.9 

127' 

1 125 

1.3 

1 124 

122 

120 

119 

117 

115 

113 

111 

110 

108 

1.4 

i 106 

104 

102 

101 

99 

97 

95 

93 

92 

90 

1.5 

I 88 

86 : 

84 

83 

81 

79 

77 

75 

74 

72 

1.6 

70 

68 ! 

66 

65 

63 

61 

59 

57 

56 

54 

1.7 

52 

1 SO 

48 

47 

45 

43 

41 

39 

38 

36 

1.8 

34 

i 32 

31 

29 

27 ' 

25 

24 

22 

20 

19 

1.9 

i 17 

IS 

14 

12 

10 

8 

7 

5 

3 

2 


where G1 = milligram of glucose in the sample analyzed and C = cc. of 
0.005 -Y thiosulfate equivalent to the ferricyanide reduced by sugar. 

B - A 

as in the Shaffer-Hartmann-Somog>'i calculation. B represents the cubic 
centimeters of thiosulfate required to titrate a blank analysis, and A cubic 
centimeters required in titration of the blood filtrate. 
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The number of milligrams of sugar per 100 cc. of blood may be read directly 
from table 53. 

GASOMETRIC FERRICYANTDE METHOD OE VAN SLYKE AND HAWKINS (42) 

This method is described in the chapter on gasometric methods, page 
408. 

TIMING EERRICYANIDE METHOD OE HAWKINS AND VAN SLYKE (24, 25) 

This method uses the time required for the decolorization of a colored 
oxidizing agent as a measure of the sugar content of a solution. This 
principle was first utilized by Cole (12) for the analysis of urine, a modifica- 
tion of Fehling’s solution being boiled with the urine until the blue color 
of the copper disappeared. Hawkins and Van Slyke (25) afterwards 
applied the same principle for use with the yellow ferricyanide reagent 
which they had developed for gasometric sugar determinations. Hawkins 
(24) subsequently refined the method to such a degree that duplicate analy- 
ses can be performed on the filtrate from 0.2 cc. of blood. The method is 
extremely simple and rapid, permitting the analysis of several blood filtrates 
in five minutes without other apparatus than a procelain casserole and some 
small test tubes. The accuracy of the method, ±5 per cent of the sugar 
present, is sufficient for ordinary purposes. 

Reagents 

Potassium ferricyanide solution. 0.5 gram of potassium ferricyanide, 
75 grams of anhydrous potassium carbonate and 75 grams of potassium bi- 
carbonate are dissolved in water and diluted to 1 liter. The solution is fil- 
tered, even if it appears clear. In dark colored, glass-stoppered bottles it 
usually keeps for several months, but it should either be renewed or tested 
with known glucose solutions every 2 months. The potassium ferricyanide 
must be weighed accurately, the carbonates only roughly. 

The ferricyanide should contain no ferrocyanide. It may be tested as 
follows. To 10 cc. of 0.5 per cent potassium ferricyanide, add 0.5 cc. of a 
0.5 per cent ferric chloride solution and 1 drop of 1 N hydrochloric acid. If 
as much as 0.1 per cent of the ferricyanide has become reduced to ferrocya- 
nide a green color wiU appear when the ferric chloride is added. High grade 
commercial products should give no reaction to this test. F erricyanide may 
be purified, if necessary, by the method of recrystallization described for 
Folin’s micro colorimetric technique above (see p. 463) . 

Tungstic acid solution (mixed reagents of Folin and Wu). One volume of 
10 per cent sodium tungstate and 1 volume of the | n sulfuric acid used in 
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the Folin-\Vu precipitation of proteins (see p. 66) are mixed with 8 volumes 
of distiiied water. This solution is not permanent, but can be used for two 
weeks in spite of a slight precipitate which appears after a somewhat shorter 
time. 

Procedure 

Precipitation of blood proteins. When samples of capillary 
blood are to be analyzed, a sufficient number of small rubber-stoppered 
tubes are prepared each containing exactly 2 cc. of the tungstic acid 
precipitating reagent described above. The blood drops forming on 
the incised finger or ear lobe are drawn by capillary attraction into a 
0.200-cc. capillar}^ pipette (calibrated to contain this amount), which 
is at once emptied into one of the test-tubes. The pipette is rinsed 
twice by drawing the tungstic acid up into it. The test-tube is then 
stoppered and shaken. The blood is diluted 1:11 by this procedure. 
After two minutes the mixture is filtered through a dry filter paper 
(4.5 cm.) into a test-tube (15 by 100 mm,). 

If the blood is known to be hyperglycemic, a portion of the filtrate is 
diluted with an equal volume of water. 

When other blood analyses are to be made which require a Folin-Wu 
filtrate where the blood is diluted 1:10, this filtrate can be used instead 
of the 1:11 blood filtrate. 

Decolor ization of ferricyanide by blood filtrate. 0.5 cc. of fil- 
trate is pipetted into a thin wailed Pyrex test-tube, of 9 by 90 mm. outside 
measure' followed by 0.5 cc, of ferricyanide solution. Both solutions 
must be measured accurately. The ferricyanide should be added last, 
in order to facilitate its mixture with the lighter filtrate. The tube is 
shaken to mix the two solutions and is then placed in water already 
gently boiling in a white glazed casserole. The casserole has a diameter 
of 95 mm. so that the tubes rest slanting with their mouths on the edge, 
but cannot slip into the water. Two or three tubes may be heated 
at once. A tube containing distilled water is immersed with the other 
tubes to facilitate by comparison the detection of the moment when the 
ferricyanide solutions are decolorized. The time in seconds for each 
tube is taken, preferably with a stop-watch, from the moment the 
tube is immersed in the boiling water until the last trace of yellow 
disappears. 

^ J The tubes are made from standard thin walled Pyrex glass tubing with an internal 
drameter of 8 mm. The thickness o: the glass wall is 0.6 mm. Thin walls are important. 
The tabes may be obtained from Eimer and Amend, New York. 
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With the prescribed amount of ferricyanide and size of test-tubes, 50 mg. 
of sugar per 100 cc. of blood decolorize the reagent in 520 seconds, and 300 
mg. of glucose per 100 cc. of blood v.ull decolorize it in 76 seconds, when the 
blood filtrate represents a 1 : 1 1 dilution of the blood. If blood filtrate repre- 
sents a 1 : 10 dilution for blood, the decoloration times are correspondingly 
shorter, as shown by figure 63. It is possible to work within the above 
time limits. However, if the reagent is decolorized in less than 110 seconds 
(equivalent to more than 150 mg. per cent of blood sugar for blood diluted 



Fig. 63. Curves for graphic calculation of blood and urine sugar determined by Hav?- 
kins-Van Slyke time reduction method. Ordinates by use of the appropriate curve repre- 
sent grams of sugar per liter urine when urine is diluted 1 : 100 or milligrams of sugar per 
100 cc. of blood when blood is diluted 1:10 or 1:11. If other dilutions are used, sugar 
contents represented by the ordinates are multiplied or divided accordingly; e.g., if by 
reason of hyperglycemia blood is diluted twice as much as usual (1 : 20 or 1 : 22 instead of 
1:10 or 1:11), multiply the sugar content read on the curve by 2. 

1:11, and to more than 140 mg. per cent of blood sugar for blood diluted 
1:10) it is best to dilute another portion of blood filtrate with an equal 
volume of water and to repeat the analysis with the diluted filtrate in order 
to obtain a longer decolorizing period and more exact results. 
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A little practice is necessary to train the eye in judging the moment at 
which the yellow color vanishes. 

Calculation 

The number of milligrams of sugar per 100 cc. of blood is read directly from 
the appropriate curves shown in figure 63 w’hen the 0.5 cc. of filtrate used 
represents a 1 : 1 1 or a 1 : 10 dilution of the blood. When the filtrate is twice 
as dilute (h\perglycemic blood) the blood sugar content indicated by the 
appropriate curve is doubled. 

It is desirable that the analyst check the curves of figure 63 by analysis 
of standard glucose solutions. The size and thickness of the test tubes has 
some influence on the time required for reduction, and the tubes available 
may not be exact duplicates of those used by Hawkins. If the deviation of 
results from the curves of figure 63 is significant, the analyst prepares his 
own curves. 

DETERIUNATION OE EERMEXTABLE SUGAR IN BLOOD BY MEASURING THE 
DECREASE IN REDUCING SUBSTANCES CAUSED BY YEAST 
FERMENTATION 

The principle underl}ing this procedure is the determination of reducing 
material in two samples of the same specimen of blood, one of which has been 
subjected to yeast fermentation under conditions which insure rapid and 
complete removal of glucose. The difference between the two determina- 
tions represents fermentable sugar which, there is reason to believe; is almost 
entirely glucose. 

Fermentation has, in the past, yielded conflicting results which have been 
discussed by Hiller, Linder and Van Slyke (28). The chief source of the 
irregularities appears to have been the use of prolonged fermentation periods, 
twelve to twenty-four hours. If yeast is permitted to grow so long in blood 
it may also jield to the blood reducing products of its own manufacture. 
The possibility of bacterial action further complicates the reactions. To 
avoid such errors HiUer, Linder and Van Slyke (28) introduced the principle 
of using sufficiently large quantities of yeast to insure complete fermenta- 
tion in a short time, thirty minutes or less. Under these conditions com- 
paratively consistent results have been obtained by Folin and Svedberg (19), 
Somogyi (39), Benedict (7, 9) and Raymond (34) . Somogyi (39) improved 
the tedmique by using suspensions of yeast cells which had been freed from 
adherent reducing substances by repeating washing. 

Folin and Svedberg (19) show-ed that the fermentation could be carried 
out in F olin-W u blood filtrates as well as in whole blood. The application to 
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filtrates Somogyi (39) believes to be preferred, because he has found that 
blood from certain subjects with pathological conditions reacts with yeast to 
produce reducing substances. However, the filtrates from such bloods fer- 
ment v.dth yeast in a normal manner. 

Somog}! (39) and Van Slyke and Hawkins (43) have shown that yeast 
cells are quite impermeable to the non-ferment able reducing substances that 
are found in blood filtrates. Also the volume of water which adheres to the 
washed packed cells is negligible. Consequently, in the calculation of non- 
fermentable reducing material in properly prepared yeast-blood filtrates no 
allowance need be made for the volume occupied by the yeast cells, which, 
except for their ability to absorb fermentable sugar, may be regarded as 
inert, impermeable, solid particles. 

Reagents 

Sodium tungstate and sidjuric acid used in the Folin-Wu precipitation of 
proteins, see page 65. 

Washed yeast cells. A portion of Fleischmann’s yeast is pulverized and 
suspended in about 4 times its weight of water. The cells are thrown down 
in centrifuge tubes and are then washed by resuspending and centrifuging 
Buth 4 or 5 successive portions of water. The washed cells are finally sus- 
pended in a weight of water 4 times as great as that of the portion of crude 
yeast taken at the beginning. 

Procedure 

Precipitation of proteins. From a sample of freshly drawn blood, 
preferably as much as 5 cc., if material permits, the proteins are re- 
moved by the usual Folin-Wu tungstic acid precipitation (see p. 65). 
The filtrate is divided into two portions. 

Determination of reducing substances. One of these portions 
is analyzed for sugar directly by any one of the methods described above 
to obtain total reducing substances. The second is analyzed by 
the same method after it has been subjected to yeast fermentation in the 
following manner. 

Removal of fermentable sugar. Of the suspension of washed 
yeast cells a volume, approximately equal to that of the blood filtrate to 
be fermented, is centrifuged. The supernatant liquid is decanted and 
adherent water is removed from the walls of the tube and from the 
surface of the packed yeast with a roll of filter paper. The sample of 
blood filtrate is introduced into the tube and mixed with the yeast. 
After the mixture has stood at room temperature for fifteen minutes it 
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is centrifuged. Portions of the supernatant fluid are analyzed for non- 
fermentable reducing substances by the same method which was 
used for the determination of total reducing substances. 

Control determination of reducing substances in yeast, A 
control on the yeast is made by suspending a similar portion of centri- 
fuged yeast in water instead of blood filtrate for fifteen minutes and 
determining reducing substances in the supernatant water. 

Van Sivke and Hawkins (43) found that yeast should be extracted with 
water rather than tungstic acid for the control analysis. In the tungstic 
acid precipitation of blood, proteins and tungstic acid mutually precipitate 
one another, leaving a filtrate which contains little tungstate and is only 
slightly acid. Such filtrates e.xtract from w'ashed yeast the same amount of 
reducing material that water does. Tungstic acid solution which has not 
been rendered comparatively non-acid by protein precipitation, on the other 
hand, extracts from yeast considerably greater amounts of reducing material. 

Calculation 

Indicating total reducing substances as T, non-fermentable substances 
found after yeast treatment as N, and the reducing substances extracted 
from yeast in the blank analysis as F: 

Fermentable blood sugar = T — {N — Y). 

DETERillN'ATIOX OF FEEMENT.XBLE BLOOD SUGAR BY THE AUTOGLYCOLYSIS 
METHOD. HILLER, LINDER AND VAN SLYEE (28); VAN SLYEE 
AND HAUTHNS (43) 

Hiller, Linder and Van Slyke (28) and Folin and Svedberg (19) have 
found that spontaneous glycolysis at 38® for twenty hours or more and short 
fermentation by yeast removed from blood the same amount of reducing 
substances. 

Procedure 

A. One sample of fresh blood is analyzed at once for total reducing 
material, T, by one of the blood sugar methods described above. 

B. Another sample of the same whole blood, in a stoppered tube, is 
incubated at 38° for twenty to twenty-four hours. At the end of this 
time it is analyzed for non-fermentable reducing material N by the 
same method which was applied to A, 


Calculation 

Fermentable sugar = T — N 
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PARTIAL REMOVAL OF NON-GLUCOSE REDUCING iLATERIAL BY THE ZINC 
PRECIPITATION METHOD OF SOMOGYI (40) 

Somogyi has found that by precipitation of blood proteins by zinc salts 
filtrates can be obtained which are almost entirely free from reducing sub- 
stances other than glucose (non-fermentable reducing material). These 
non-glucose materials are precipitated with the proteins. Similar results 
have been secured by West, Scharles and Peterson (44) with mercury salts; 
but their procedure are more complicated than that of Somog>T. (For 
further discussion of the Somog^d precipitation method see ‘‘Precipitation 
of Proteins,” p. 69). 

Since Somog>d’s work appeared in 1930 Benedict has published (9a) a 
method (described above on page 456) w'hich when applied to the usual 
tungstic acid blood filtrates indicates no more non-fermentable material 
(equivalent to 4 to 8 mg. glucose per 100 cc. blood) than was shown by 
former methods with tlie Somog>T filtrate. There is consequently less need 
for a special technique, such as Somogyi’s, for preparing blood filtrates for 
analysis in h>q3oglycemic conditions, than there was at the time of Somogjd’s 
paper. 

Reagents 

Solution L Ten per cent zinc sulfate. One hundred grams of ZnS 04 • 7 H 2 O 
to 1 liter. 

Solution II. 0.5 N sodium hydroxide. 

The two solutions must be so related that when 10 cc. of the zinc sulfate 
are titrated with the sodium hydroxide, 10.8 to 11.2 cc. of the alkali are 
required to produce a permanent pink color with phenolphthalein. The 
10 cc. of Solution I are diluted with 50 to 70 cc. of water before the titra- 
tion; the alkali is added slowly with continuous shaking. 

Procedure 

For the preparation of 1:10 blood filtrates, lake 1 volume of blood 
with 7 volumes of water. . Add 1 volume of the zinc sulfate, mix, then 
add 1 volume of the 0.5 n alkali. 

To prepare 1 : 10 filtrates of corpuscles, lake 1 volume of corpuscles 
with 5 volumes of water. Precipitate with 2 volumes of the zinc sulfate 
followed by 2 volumes of the alkali. 

To precipitate the proteins of blood plasma or serum at 1:10 dilu- 
tion, introduce 1 volume of plasma or serum into 8 volumes of water, 
and use 0.5 volume of each precipitant. 
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CHAPTER IX 


Lipoids 

GENERAL PRINCIPLES 

Methods for the determination of lipoids have certain common procedures. 
In all, the lipoids are first extracted by some lipoid solvent from the material 
to be analyzed; from the extract the various lipoids or lipoid groups are then 
separated and estimated. In no analyses is it more important to test the 
methods by control determinations on known substances. 

Extraction 

Extraction of the lipoids can be effected by a variety of methods and sol- 
vents. Of the latter, extensive investigations by Kumagawa and Suto (22) 
have shown that hot alcohol is probably the most etficient. Its value lies 
chiefly in the fact that it is miscible with water. Although alcohol extracts 
the lipoids more rapidly and completely than other solvents do, it also 
extracts many other substances. To separate the lipoids from these it is 
necessary to remove the alcohol and to reextract the residue with some more 
specific solvent. For this purpose ether or petroleum ether is generally 
employed. 

Dry extraction. In all earlier methods the material to be analyzed was 
first dried completely and powdered. The powder was then extracted either 
by direct admixture with the lipoid solvent and subsequent filtration or by 
reflux distillation by some modification of the Soxhlet procedure. 

For the anlysis of liquids, like blood, admixture with some inert material 
facilitates drying and permits more readily the penetration of the solvent 
by insuring the exposure of a larger surface to its action. In Bang’s (2) 
method for the determination of blood lipoids, Harnes’ (20) phosphatide 
method, and Leiboff’s (23) and Ling’s (25) cholesterol methods the blood is 
absorbed and dried on filter paper before extraction. Myers and Wardeli 
employ plaster of Paris for the same purpose. Some observers have, how- 
ever, experienced difficulty in preventing caking of the plaster and in 
transferring it quantitatively to the extraction vessel. For this reason 
Leiboff (23), Ling (25) and others have preferred Bang’s filter paper method. 

Wet extraction. From liquid or semi-liquid media it is possible to extract 
lipoids wdthout drxdng by merely shaking the material with proper lipoid 
solvents. The method of wet extraction was proposed by Roese and Gott- 
lieb (33) for the analysis of blood and milk. . It has since been employed in 
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various modifications by iNIeigs and Marsh (28) for milk; by Saxon (35), 
Holt, Courtney and Pales (21) and Fow weather (17) for feces; and by Bloor 
(5, 9, 12; and Stewart and "Wliite (37) for blood. 

The method involves extraction with two lipoid solvents. One, alcohol, 
is miscible with water and serves both as a protein precipitant and to render 
the lipoids soluble. The other, ether, has a greater solvent power for fatty 
substances and is only slightly miscible with water. When the alcoholic 
aqueous solution is shaken with the ether, tlie lipoids for the most part pass 
into the ether, in which they are more soluble. The ether layers out on 
standing and can be separated wdth its contained lipoids. The latter can be 
purified subsequently by resolution in other solvents. 

Although tradition has given preference to the more conventional dry 
extraction methods, there is evidence that wet extraction is actually not 
only easier, but also more ethcient and accurate. In the analysis of stools 
Fowweather (17) found that lipoids were more completely recovered by wet 
extraction. ^Moreover, he showed that in the process of drying some neutral 
fat was hydrolyzed and became saponified. 

Saponif cation. Kumagawa and Suto (22), proposed saponification of 
fatty acids in the material as a preliminary to extraction. The alkali used 
for saponification of the fats also causes hydrolysis of other organic material. 
After saponification the fatty adds are liberated by acidification. This 
procedure renders the lipoids readily extractable by ethyl ether. The ether 
extract is purified by reextraction with petroleum ether. From the latter 
the fatty acids may be separated from non-saponifiable material by shaking 
the petroleum ether extract with potassium ethylate and water. The soaps 
pass into the alcoholic water solution, while the non-saponifiable material 
is left in the petroleum ether. This method and its various modifications 
and adaptations appear to give excellent results for total fatty acids, but 
does not permit fractionation of the lipoids. 

'Determination of total lipoids 

Total lipoids were first estimated, after extraction or purification by one 
of the methods outlined above, by evaporating the organic solvent from a 
known aliquot of the extract and weighing the dried residue. This is the 
principle which has been employed by Roese and Gottlieb (33), Meigs and 
Marsh (28), Saxon (35) and others. 

In place of weighing the e.xtracted lipoids Bloor (5) in 1914 proposed 
nephelometric determination. The precipitate produced by pouring an 
ether-alcohol solution of lipoids into winter was compared with that pro- 
duced by similar treatment of a known amount of fat. By this method it 
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was possible to determine the fats in small samples of blood. The principle 
is, how’cver, open to serious objections, which were pointed out especially by 
Csonka (14) and Blix (4). The clouding produced by precipitates of lipoids 
is dependent not only on the quantity but also on the quality of fatty sub- 
stances present in the mixture. Nephelometric estimation is, therefore, 
accurate only "when the proportions of different lipoids in the solutions to 
be compared are constant, a condition only roughly approximated in blood. 

Bang (2), in 1918, introduced a new principle for determination of the 
extracted lipoids, w’hich has since been adopted with certain improvements 
by Bloor (9). In this method the extracted lipoids are oxidized by di- 
chromate in the presence of concentrated sulfuric acid. The excess di- 
chromate is then titrated iodimetrically. 

Backlin has recently introduced a gasometric micro procedure. He oxi- 
dizes extracted lipoids with sulfuric acid and silver chromate till all the 
carbon is converted into CO 2 , and then determines the CO 2 gasometrically. 
The method is described on page 433 among gasometric analyses. Backlin 
claims that it gives theoretical fields of CO 2 and is less Liable to error than 
the Bang-Bloor chromate titration method. 

Deterrnination of total fatty acids 

Fatty acids occur in the lipoids of blood, tissues and feces, not only in com- 
bination with glycerine as neutral fats, but also in phosphatides and in 
cholesterol esters. In blood and lixdng tissues free fatty acids and soaps 
probably do not exist; but in feces they are produced from neutral fat and 
fatty acid esters by the action of lipase and bacteria. By treatment with 
alkali, fats, lipoids, and fatty acid esters can be saponified; that is, their fatty 
acids are released from organic combination and converted into alkali salts. 
From these fatty acid salts the fatty acids can be released by acidification. 
Although the soaps are soluble in, or at least miscible with, -water, the fatty 
acids themselves are not. The latter can, therefore, be extracted by organic 
solvents from the water suspensions obtained -when the soap solutions are 
acidified, and can be estimated by titration with sodium alcoholate. By 
this means the total fatty acid content of materials can be determined. 
Such procedures have been applied by Ste-wart and White (37) and Stoddard 
and Drury (38) to the determination of the total fatty acid content of blood. 
Of these titration methods Ste-n'art and White’s suffers the disadvantage 
that the measure of the fatty acids is a relatively small difference between 
large amounts of alkali and acid. This disadvantage seems to have been 
successfully avoided by Stoddard and Drury. 
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Determination of free fatty acids, soaps, and neutral fats in extracts 

In the analysis of stools, v/here fatty acids appear not only as neutral fats, 
but also free and as soaps, the estimation of the relative proportions of the 
three forms mav give information of some importance, because it aids in the 
evaluation of the etociency of the various factors involved in the digestion of 
fat. The procedure by vhich fatty acids are fractionated is illustrated by 
Fowweather's tT7) modification of Saxon’s (35) met extraction method for 
analvsis of feces. In this method tmo samples of stool, to one of which acid 
is first added, are treated with alcohol and then extracted with ethyl ether. 
The ether extracts are then dried, reextracted with petroleum ether, and 
filtered. The dried residues are then weighed. The weight of the acidified 
extract gives a value for total lipoids, while from that of the neutral extract 
the weight of free fatty acid and neutral fat is obtained. The difference 
between the two represents fatty acids present as soaps. The extract ob- 
tained without acidification is then redissolved, and the free fatty acids are 
determined by titration with sodium alcoholate. The difference between 
the weight of the whole neutral extract and the weight of its free fatty acids 
estimated from the titration gives the weight of neutral fat. 

Similar procedures are employed for fractionation of the fatty acids in 
the original method of Sa.xon (35) and in those of Holt, Courtney and Fales 
(21) and others. 


Determination of pJios phatides 

Most of the older metliods for the determination of phosphatides are 
based on the same general principles and involve three separate procedures; 
first, the extraction or separation of the lipoids; second, the destructive 
digestion of these lipoids and the liberation of phosphoric acid; and finally 
the analysis of the residue for phosphoric acid. The methods employed 
for the extraction of the lipoids are those used for fat extractions in general; 
the digestion methods are similar to those commonly used in the determina- 
tion of total phosphoric acid in biologic material; tlie analysis of the final 
residue may be carried out by any suitable phosphate method. In Bloor’s 
most recent method the phospholipoids are separated by precipitation with 
magnesium chloride and acetone from the solution of total lipoids, and 
the lipoid content of the precipitate is measured by the chromate oxida- 
tion and titration method instead of by phosphorus determination. Doubt- 
less this oxidation could be combined also with Backlin’s gasometric 
determination of the CO 2 formed in place of Bloor’s titration of the excess 
chromate. 
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Determinaiion of cholesterol 

Windaus (43) in 1909 showed that free cholesterol reacts quantitatively 
with digitonin in alcoholic solution to form an insoluble compound of stable 
composition, while cholesterol esters are not precipitated. On the basis of 
this reaction he developed, for the determination of total cholesterol and its 
free and combined fractions, a gra\'imetric technique. This required such 
large quantities of blood and was so time consuming that it was little em- 
ployed for clinical studies. The principle of digitonin precipitation, how- 
ever, still remains the basis of all methods that aim to differentiate free and 
combined cholesterol. The digitonin method determines free cholesterol but not 
cholesterol esters. 

In 1910 Grigaut (19) presented a colorimetric method which utilized the 
Liebermann-Burchard (24) reaction, the development of a green color when 
cholesterol or its esters are treated with acetic anhydride in the presence of 
suKuric acid. This procedure was simplified and made more suitable for 
general clinical use by Autenrieth and Funk (1) who are often given credit 
for its origination. This colorimetric method determines total cholesterol, both 
free and ester ified. 

Weston (41), in 1912, proposed a colorimetric technique in which the 
Salkowski (34) color reaction was employed. With the exception of 
Schmidt (36), however, investigators have preferred the Liebermann- 
Burchard principle. 

In general, all methods involve two processes: first, the isolation of the 
cholesterol by extraction, and, second, the analysis of the extract. Auten- 
rieth and Funk (1) saponified the blood or plasma wdth strong potassium 
hydroxide before extracting it with chloroform. The process of digestion 
and extraction w^as time consuming and complicated, and the final chloroform 
solutions show^ed at times a tendency to assume a yellowish tint wLich could 
not be eliminated. In 1915 Bloor (6) described a simplified adaption of the 
.\utenrieth and Funk method which could be employed in conjunction with 
his system for the analysis of the lipoid constituents of the blood. In the 
follow'ing year (7) he introduced further modifications, especially the elim- 
ination of preliminary saponification. These techniques gave higher values 
than that of Autenrieth and Funk or than digitonin precipitation, partly 
because of the presence of other color producing substances (26, 29, 42) and 
partly because of the propensity of the blood extracts to take on yellowish 
and browmish tints. This MueUer (29) found could be diminished or pre- 
vented in most specimens by washing the chloroform extracts wdth water 
and then dehydrating with anhydrous sodium sulfate. In 1922 Bloor, 
Pelkan and AUen (12) altered the cholesterol procedure, reintroducing pre- 
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Hminarv saponification. This, however, Bloor (9) has again abandoned in 
his most recent publication. Even if Bloor’s methods do yield somewhat 
excessive values for cholesterol at times, their adaptability to his system for 
the quantitation and fractionation of all the blood lipoids gives them a pe- 
culiar value. 

For the determination of cholesterol alone in blood or plasma Myers and 
Warden (30) presented a colorimetric method which appears to give values 
that agree satisfactorily with those obtained by digitonin precipitation, an 
agreement that, at present, must be considered the best criterion of accuracy. 
The blood or plasma, mi.xed with plaster of Paris, is extracted directly with 
chloroform by distillation with a reflex condenser. Baumann and Holly (3) 
and MacAdam and Shiskin (27) have endorsed the method. Leiboff (23) 
and Ling (25) have found it difficult to keep the plaster of Paris mixture 
fine!}- divided and also to transfer it quantitatively to the extraction 
apparatus. They prefer to absorb the blood on fat-free filter paper and have 
described convenient apparatus for the extraction of the latter by chloroform. 

Szent-Gyorgi has proposed both a gra\nmetric (39) and a titrimetric (40) 
procedure. The former is a micro-adaptation of the Windaus method; 
the latter depends upon the oxidation of digitonin-cholesteride by an excess 
of potassium chromate and subsequent iodimetric titration of the residual 
chromate. Okey (32) from Bloor’s laboratory has recently proposed a 
modification of this chromate method. Doubtless Backlin’s gasometric 
oxidation method (see p. 433) could also be applied to micro-determination 
of the digitonin-cholesteride. 

Bloor and Klnudson (11), Gardner and Fox (18) Okey (32), and Turner 
(40a) have presented methods for the separate determination of cholesterol 
and cholesterol esters. In these procedures the free cholesterol is separated 
by digitonin precipitation. 


Lepoids in Feces 

SO.-\PS, EAT, -AND FREE FATTY ACIDS OBT.AINED BY WET EXTILACTION. 
FOWWEATHER’S (17) MODIFICATION OF S.AXON’S METHOD (35) 

This procedure is for application to the stools as voided, without prelim- 
inary' drmng. 

Special reagents required. 

Redistilled ethyl ether. This should leave no residue after evaporation to 
dryness. 

Redistilled 95 per cent alcohol. 
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Pelroleuni ether, boiling belov,’ 60°, redistilled, and leaving no residue when 
evaporated to dryness. This can best be prepared by fractional distillation 
of commercial petroleum ether with a Clarke’s (13) column. Reject frac- 
tions that distiU above 60°. Wash the distillate that distils belov/ 60° with 
concentrated suKuric acid and redistil it v/ith an ordinary condenser; 50-cc. 
portions, evaporated to dr\Tiess, should leave no residue. 

Benzene (CeHe). 

0.S per cent alcoholic solution of phenol phthalein. 

0.1 -v sodium ethylate. This is prepared by dissohdng in 1 liter of redis- 
tilled absolute alcohol 2.3 grams of freshW cut, bright, metallic sodium, 
The solution ma}' be standardized by titration against 0.1 x acid, v/ith alco- 
holic phenolphthalein as indicator. It is preferable, however, to standard- 
ize with stearic or oleic acid dissolved in benzene, by the method described 
below for the titration of fatty acids. The solution should be kept cool 
in the dark and should be discarded when it becomes much colored. 

Preparation of stools 

The total stool specimen is thoroughly mixed, with the aid of a mortar 
and pestle, if necessary. If the feces are liquid, about 5 grams of the 
mixed sample are poured into each of three weighed, stoppered weighing 
bottles. After the bottles have been weighed again one of them is 
placed on a steam bath or in a drying oven (temperature 95° to 100°) 
and the contents are dried to constant weight. This gives the per cent 
of dry matter in the stools. Each of the two remaining fractions is 
washed into a 100 cc. glass-stoppered cylinder of uniform bore. To 
one are added 3 cc. of concentrated hydrochloric acid and water 
enough to make a total volume of 30 cc. ; to the other water alone to 
make the same volume. 

If the stool is solid, after thorough mixing about 10 grams are trans- 
ferred to a porcelain evaporating dish containing a glass rod 2 to 3 inches 
in length, flattened at one end. Dish and rod are weighed together 
in advance and are reweighed with the sample of feces. With the aid 
of the glass rod 2 to 3 grams of stool are transferred to each of two 100- 
cc. glass-stoppered cylinders of uniform bore. The dish with the rod 
and the remainder of the stool are reweighed after each transfer. Care 
must be taken not to contaminate the necks of the cylinders with feces 
when these are introduced. The evaporating dish, rod and remainder 
of the stool are then dried to constant weight on a steam bath or in a 
drjdng oven. The samples in the cylinders are then treated with acid 
and water as described above. 
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Extraction and wcigliing of total fat and of free fatty acids plus rieutral fat 

To each cylinder add 20 cc. of ethyl ether. Shake vigorously for 
five minutes. After they have stood a few moments introduce 20 cc. 
of alcohol into the neutral cylinder and 17 cc, into the acid cylinder. 
Mix the alcohol with the other contents of the cylinders by a sharp 
rotary motion. Cool the cylinders to room temperature in running 
water. Shake the contents vigorously for five minutes and then allow 
them to stand until the ether layer separates. Separation may be 



Fig. 64. Separating cylinder for removal of ether in stool e.xtraction (Aleigs and ilarsh 
(28)). 

expedited by occasional rotation of the cylinder or by adding a few 
drops of alcohol or ether. 

When separation is complete the ether layer is blown off as completely 
as possible into a fat extraction flask by means of the apparatus illus- 
trated in figure 64. The t3rpe of extraction flask used is that in figure 
66. Another 20 cc. of ether is then added, the cylinder is shaken for 
five minutes and the ether allowed to separate as before. This is then 
blown off and the washing process is repeated. The sides of the flask 
are then washed down with three successive 5-cc. portions of ether. 
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The combined extract and washings in the extraction flask are now 
evaporated to dryness. The dry residue is then dissolved in petroleum 
ether and filtered through fat free filter paper into a weighing bottle. 
Flask and filter paper are washed with additional petroleum ether. 
The petroleum ether is now evaporated or distilled off and the residue 
is dried to constant weight and weighed. The residue from the extract 
of the acidified stool mixture represents total fat, and the residue from 
the extract of the unacidified stool represents free fatty acids + 
neutral fat. 


Titration of free fatty acids 

The extract of the unacidified stool is dissolved in about 50 cc. of 
benzene and warmed almost to the boiling point. It is then titrated, 
while still hot, with 0.1 n sodium alcoholate, with 2 to 3 drops of phenol- 
phthalein as indicator. The titration should be continued until the 
color of the indicator no longer deepens. The amount of indicator 
used must be the same as that employed in the standardization of the 
alcoholate. The color of the indicator fades rapidly as the solution 
cools, even after the true end point has been reached. 

Blank determinations must be made in which the whole procedure, 
including extractions, is carried out with all reagents, the fatty material 
alone being omitted. 


Calculatmi of residts 

One cubic centimeter of 0.1 n sodium alcoholate titrates 28.2 mg. of oleic 
acid or 28.4 grams of stearic. Hence 

(Cubic centimeters 0.1 n sodium alcoholate) X 2S.3 = milligrams of free fatty acids. 

A . The weight of total fat. 

B. The weight of free fatty acids -{- neutral fat. 

C. The weight of free fatty acids (calculated from titration). 

D = A — B = fatty acids present as soaps. 

E = B — C = neutral fat. 

SOAPS, FAT, AND FREE FATTY ACIDS OBT.YINED BY WET EXTRACTION. HOLT, 
COURTNEY, ANH) FALES’ MODIFICATION OF SAXON’S (35) METHOD 

This procedure is for application to stools which have been prepared for 
analysis by preliminary drying and pulverizing, as described on page 78. 
The material is mixed with water again before the fats are extracted. 
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Special reagents required 

Dilute hxdroeJdorie acid (1 part of concentrated hydrochloric acid to 3 parts 
of Vy’ater). The other reagents are the same as those used in the wet extrac- 
tion procedure described above. 


Preparation of stools 

The stools are thoroughly dried and pulverized by the usual method 
(see p. 78). One-gram samples of the dried powder are transferred 
to two small, weighed dishes and weighed. To one of these is added 
10 cc. of the hydrochloric acid, to the other an equal amount of water. 



Fig. 65. Rohrig tube for the separation of ether in the extraction of lipoids from stools, 
milk, or blood. 


The dishes are then placed on a water bath or steam bath until their 
contents are thoroughly heated and disintegrated. Their contents are 
then transferred to Rohrig tubes (see figure 65) or to glass stoppered 
cylinders like those used in the Fowweather method. Enough water 
is added to make a total volume of 30 cc. or to fill the Rohrig tube half 
way to the pet-cock. Twenty cc. of alcohol or enough to bring the 
upper fluid level almost to the pet-cock of the Rohrig tube is then 
introduced. 
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Extraction 

Twenty-five cubic centimeters of ethyl ether are added and the cyl- 
inder or tube is shaken vigorously for half a minute. Twenty-five 
cubic centimeters of petroleum ether are introduced and the mixture is 
shaken for another half minute. It is then allowed to stand until the 
ether layer is separated and clear, when the layer of ethers is drawn 
off or blown off. The extraction is repeated once with 20 cc. of both 
ethers added separately as before, and a second time with 30 cc. of 
mixed ether (recovered from previous washings). 

From the combined extracts the ether is distilled off with precautions 
to avoid ignition of ether vapors that may escape. 

The residue is then dried over night on a water bath and finally in an 
oven at 95"^ to 100° for several hours, until it attains constant weight. 

The free fatty acids are titrated in the neutral extract in the manner 
described imder the wet extraction method. The methods of calcu- 
lation in the two procedures are identical. 

Lipoids in Blood, Serem, .and Pl.asma 

PREP.A.IL-A.TION OP .A.LCOHOL-ETHER EXTRACT OF TOTAL LIPOIDS BY THE 
ilETHOD OF BLOOR (5, 6, 9, 12) 

Reagents required. Alcohol-ether mixture: 3 parts of 95 per cent alcohol 
and 1 part of ether. Both must be redistilled. 

Procedure 

Into 40 cc. of alcohol-ether mixture in a 50-cc. volumetric flask, run 
in a slow stream, while rotating the flask, 3 cc. of plasma or serum. 
If larger amounts of extract are required take 5 cc. of plasma and 75 
cc. of alcohol-ether in a 100-cc. flask. The precipitate of protein thus 
produced should be homogeneous and finely flocculent. 

Imm erse the flask in boiling water, rotating it continuously (to pre- 
vent superheating and bumping) for a few seconds after its contents 
have begun to boil. Cool in running water to room temperature. Make 
the volume up to SO cc. (or 100 cc.) with alcohol-ether mixture and mix 
by shaking. Filter the mixture through fat-free filter paper. To ob- 
tain the greatest possible quantity of filtrate fold the filter paper con- 
taining the precipitate on the funnel and press out the filtrate with a 
glass rod. Aliquots of this filtrate are used for the determination of 
the various lipoid fractions. 

Whole blood. If whole blood is to be analyzed a larger proportion 
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of alcohol-ether must be used. Three cubic centimeters of blood are 
run into 75 cc. of alcohol-ether in a 100-cc. volumetric flask, boiled, and 
made up to 100 cc. 

DETERMINATION' OE ToT.VL LIF.^ID F.^TTY ACIDS AND CHOLESTEROL BY 
CHIlO.M.\TE uNiDATION (bLOOR (9)) 

Special reagcnis required 

O.l -v sodiuK thioculjdfe fprepared in the usual manner, see p. 32). 

JM .V (I 'd }?:o:ar) potassium dichroynaic. Dissolve 49.03 grams of pure 
potassium dichromaie in water and dilute to 1000 cc. This solution may be 
standardized against the thiosulfate by the method of titration outlined 
below for the determination of fat. 

Ten per cent potassium fauh'uV solution. 

One per cent starch solution prepared in the usual manner (see p. 34). 

Siker dickromate in concentrated sulfuric acid, prepared according to the 
method of Xiclou.Y (31). Dissolve 5 grams of silver nitrate in 25 cc. of water 
in a 100-cc. centrifuge tube. Add 5 grams of potassium dichromate dis- 
solved in about 50 cc. of water. Centrifuge the mixture. Wash the precipi- 
tate twice with vrater to remove nitrate. Dissolve the cake of precipi- 
tate, without drying, in 500 cc. of concentrated sulfuric acid, 

Petroleum ether (prepared as described under Fowweather’s method for 
fecal lipoids). 

Sodium ethylate, approximately 1.0 n. Dissolve 2.3 grams of freshly cut, 
bright metallic sodium in 100 cc. of absolute alcohol, keeping the solution 
cool during the process. The reagent should be kept cool in the dark and 
should be discarded when it becomes much discolored. 

Dilute sulfuric acid. 1 Volume of concentrated sulfuric acid to 3 volumes 
of water. 

Saponification 

Fifteen to 20 cc. (enough to contain about 5 mg. of total lipoid) of the 
alcohol-ether lipoid solution, prepared as described above on page 495, 
are measured into a 100-cc. Erlenmeyer flask, and 2 cc. of sodium ethyl- 
ate are added. The mixture is evaporated on a water bath until the 
odor of alcohol disappears. The last traces of alcohol vapor should 
be swept out of the flask by a gentle current of air. 

Extraction of fatty acids ayid cholesterol 

To the pasty residue add 1 cc. of dilute sulfuric acid. Heat the acid 
mixture on a water or steam bath for one minute. Into the hot mixture 
pour 10 cc. of petroleum ether which is thereby made to boil. Rotate 
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the flask gently at boiling temperature on the water bath for two or 
three minutes. At the end of this time pour the solvent as completely 
as possible from the watery residue into a 25-cc. volumetric flask. The 
heating and extraction are repeated with 5-cc. portions of petroleum 
ether, the sides of the flask being washed down and the ether poured 
off completely each time, imtil the volumetric flask is almost full. The 
flask is then cooled to room temperature, filled to the mark with petro- 
leum ether, the stopper is inserted tightly and the contents are mixed. 
After this treatment both aqeuous and ether solutions should be clear.* 

Oxidation 

Ten cubic centimeters aliquots of the petroleum ether solution are 
measured into 12S-cc. glass-stoppered flasks. The solvent is evapo- 
rated completely, the last traces being blown out of the cylinder with a 
gentle current of air. Five cubic centimeters of silver chromate reagent, 
accurately measured, are added, followed by exactly 3 cc. of normal 
potassium dichromate. The flask must be rotated during the intro- 
duction of these reagents. 

A blank determination with all reagents except the fatty material 
must be run through at the same time and under the same conditions 
as the plasma analysis. 

After its contents have been well mixed by rotation, the flask, loosely 
stoppered, is set in an electric oven at 124° dr 2° and left five minutes. 
It is then removed, stirred again by rotation, the stopper is tightly in- 
serted, and the flask is replaced in the oven for ten to fifteen minutes. 
The mixture should remain definitely brown throughout the process of 
heating. If it becomes green or even distinctly greenish when the 
reagents are mixed or at the end of the first five minutes of heating it 
contains too little dichromate. At this point the addition of a second 
amount of silver and dichromate and a repetition of the heating for the 
usual period generally saves the determination; but a duplicate of a 
smaller aliquot should be run through as a check. 

The temperature of the oven in which the oxidation is carried out must 
not vary more than 2° from 124° and this temperature must be main- 
tained uniformly in all the flasks. The introduction into the oven of 
an iron plate on which all the flasks may stand aids in the maintenance 
of even heat. A flask like those in which the oxidation is carried out, 
containing a similar fl.uid and equipped with a standardized thermometer, 
should be placed in the oven with the otiier flasks as a check on the 
temperature control. In every determination, therefore, four flasks, 

* No flame must be burning near the place where the extraction is carried out. 
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two containing duplicate samples of the material to be analyzed, one 
for the blank on reagents, and one holding the thermometer, should 
be placed in the oven at the same time. 

K an oven is not available the flasks may be set on a steam bath 
which vriil give a temperature of 90" in them. In this case oxidation 
must be continued for a total time of 60 minutes. 

When the period of heating is completed, the flasks are removed from 
the oven and the contents, while still hot, are diluted with 75 cc. of water. 

Attaining complete oxidation under conditions such that a quantitative 
measurement is possible depends largely on adjustment of time and 
temperature of heating. The chromic acid if heated too high gives 
off its oxygen spontaneously to the air. The temperature must be so 
adjusted that this decomposition is negligible during the time of heating 
employed and yet that the reagent is in so sensitive a condition that 
the last traces of material are completely oxidized. The temperature 
of greatest sensitivity with least decomposition is in the neighborhood 
of 124° and both temperature and time of heating are fairly critical. 
Not more than 2~ above or below 124° is allowable, although five minutes 
longer time than that specified makes only a negligible difference. 
After oxidation is finished the mixture is cooled, and is then diluted 
with 75 cc. of water. 

Titration of excess dkhroniate 

Ten cubic centimeters of 10 per cent potassium iodide are added, 
without stirring, which might cause loss of liberated iodine, and 0.1 n 
thiosulfate is gradually run in from a burette. During the titration the 
flask is at first rotated very gently. As the iodine content diminishes, 
however, it is rotated more forcefully. During the titration the color 
of the mixture changes from a muddy greenish brown to a light blue. 
The silver causes a precipitate; but this does not interfere with the 
reading of the end point. When the end point is nearly reached add a 
few drops of starch and continue in the usual manner, until the starch 
is decolorized. 

Calculation 

Bloor calculated theoretically that 1 mg. portions of material should be 
oxidized by the following amounts of 0.1 n dichromate, which he also found 
to be approximated experimentally: 1 mg. palmitic acid, 3.57 cc. of 0.1 n 
dichromate; 1 mg. oleic acid, 3.61 cc. of 0.1 n dichromate; 1 mg. cholesterol, 
3.92 cc. of 0.1 K dichromate. From these values a factor for approximate 
calculation of fatty acids + cholesterol, may be calculated according to 
Bl<K>r from the fact that cholesterol as found in plasma is ordinarily about 



TOTAL FATTY ACIDS. SAPOXIFICATION + TITRATION 


499 


one-half the total fatty acids. Of such a mixture 1 mg. requires 3.7 cc. of 
U.l N dichromate. 

The cubic centimeters of 0.1 x dichromate used for oxidation are found 
as the difi'erence between B, the cubic centimeters of 0.1 x thiosulfate 
required to titrate the blank, and .4, the cubic centimeters required for the 
unknown. Hence 

B - A 

Alilligrams oi latty acids -j- cholesterol in sample == — . 

3.7 

A theoretically more exact, calculation is made by determining, as de- 
scribed below, the cholesterol content of the extract oxidized, and subtracting 
its 0.1 X dichromate equivalent, C, from the cubic centimeters of dichromate 
oxidized by fatty acids + cholesterol. The difference, representing dichro- 
mate o.xidized by fatty acids alone, is divided by 3.6. The value of C is 
obtained by multiphnng by 3.92 the number of milligrams of cholesterol in 
the amount of lipoid taken for oxidation. 

B - A - C 

Milligrams of fatty acids in sample = . 

3.0 

PrecazUions 

The alcohol-ether and the petroleum ether must be completely driven off 
after the saponification and the extraction respectively, because both sol- 
vents are oxidized by dichromate. However, the air current used to re- 
move the last traces of these substances must not be too forceful nor must it 
be applied too long for fear of oxidizing some of the fatty acids. A current 
of CO 2 or No wmuld be preferable. 

DETERMINATION OF TOTAL LIPOID FATTY ACIDS BY SAPONIFICATION AND 
TITRATION METHOD OF STODDARD AND DRLTRY (38) ^ 

Special reagezits required 

Coarse sand, pre\’iously boiled with acid, washed, dried and extracted 
with ether. 

Concentrated sodium hydroxide prepared by mixing equal v'eights of pure 
sodium hydroxide and water and permitting the solution to stand in a 
parafhn lined bottle until the carbonate has settled to the bottom. 

30 volume per cent hydrochloric acid (30 cc. of concentrated acid diluted to 
100 cc.) 

10 per cent NaOH. 


^ We are indebted to Dr. Stoddard for reading and correcting the following description. 
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5 t)fr cent iodiuiK chloride solution (neutralized to methyl red). 

hjC s iiOdiiiiK kydronide. 

1 per cent uleoJunic sohitso?: o- pnenol phihulcin . 

nj per frn! thejn d blur' in 50 per cent alcohol 

Ext y action of lipoids 

Extraction bv alcohol-ether is carried out by the method of Bloor, 5 cc. 
of whole Idoo- 1 or uiasnia being made up to 100 cc. v.ith the alcohol-ether. 

Saponification 

Evaporate 75 cc. of the alcohol-ether extract in a 100-cc. beaker, in- 
troducing only 50 cc. at first. Add a few grains of coarse sand to prevent 
bumping. Place the beaker on an electric stove at low heat, on the 
cover of a steam bath, or elsewhere, so that the ether will evaporate 
while the solution does not boil perceptibly. {Caution. Evaporation 
should be done where there is a good draft to carry off ether vapors, 
and in the absence of flames.) When the ether has been driven off place 
the beaker in a gentle current of steam and continue evaporation until 
the volume of the alcoholic solution is reduced to about 30 cc. Add 
0.1 cc. of concentrated sodium hydroxide, mix, add a few more grains 
of sand, cover with a watch glass, and allow the mixture to boil gently 
for twenty to thirty minutes to saponify the fatty acids. Remove the 
cover glass, drop in a small piece of litmus paper and acidify the solution 
with 30 per cent hydrochloric acid. Restore just to alkalinity with 10 
per cent sodium hydroxide. It is desirable not to have an excess of 
alkali present during subsequent evaporation to dr3mess. Evaporate 
to diyness to get rid of all alcohol. Add 15 cc. of water, place the beaker 
on the steam bath and stir to dissolve the soaps. While the contents 
are still hot add a drop of thymol blue indicator followed by enough 30 
per cent hydrochloric acid to give a faint pink color. Set the beaker for 
ten minutes in cold water. Then swirl the solution almost continuously 
for five minutes to cause better separation of the fatty acids. 

Filtration of fatty acids 

Filters should be prepared beforehand in the following manner. A 
Gooch crucible of the smallest size (top 28 mm., bottom 18 mm. in 
diameter) is set m a rubber washer which fits over the top of a small 
funnel. The stem of the funnel passes through a rubber stopper which 
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fits in a SOO-cc. suction flask. A paper pulp emulsion is made by shaking 
a piece of soft filter paper, such as Schleicher and Schiill black ribbon, 
no. 589, in 300 to 400 cc. of distilled water. This emulsion is vigor- 
ously shaken and immediately poured into the crucible while strong suc- 
tion is on. This is repeated until a filter layer about 1 mm. thick is 
produced. Tamp down this layer carefully with the end of a glass rod. 
Allow the larger masses of filter pulp fibers in the emulsion to settle 
out; then pour on successive amotmts of the thin upper suspension of 
isolated shreds, keeping on strong suction and tamping occasionally, 
until the filter is suflSiciently dense to offer definite resistance to the suc- 
tion. Remove the crucible from its rubber washer, dry in an air oven 
at 110” for fifteen minutes and cool before using. 

Set up a row of the funnels which fit the crucible washers. Place a 
crucible in its washer in a funnel. With a test-tube under the funnel 
pour into the crucible some of the fatty acid suspension. If the filtrate 
is not perfectly clear return it to the crucible and refilter it. If filtra- 
tion does not begin in a few minutes transfer the crucible and funnel 
to a filter flask, with a test-tube under the funnel, and start gentle suc- 
tion. After filtration has begun it is continued without suction. When 
the fatty acid suspension is filtered and the crucible drained, wash the 
precipitate with 4 cc. of 5 per cent sodium chloride, neutralized to methyl 
red. For this purpose use a pipette to nm the salt solution down the 
walls of the beaker; then, tipping the beaker, rinse its sides more 
thoroughly with the aid of a bent glass rod. Pour this rinsing into the 
crucible, rinsing the sides of the latter by means of the rod. Wash re- 
peatedly imtil the filtrate from one washing can be neutralized to phenol- 
phthalein with not more than 0.05 cc. of 0.02 x sodium hydroxide. 
Three washings are usually required. 

Resolution of the fatty acids 

The crucible is placed again on the suction flask, in which is placed 
under the funnel a test tube of convenient height, calibrated at l~cc. 
intervals from 10 to 15 cc. The walls of the beaker are washed down 
with 5 cc. of alcohol, which is then heated to boilmg and poured into the 
crucible. Any fatty acid fragments on the walls of the crucible are 
quickly loosened with the glass rod. When the alcohol has nearly run 
out, moderate suction is applied. The beaker and crucible are washed 
out twice more with 3-cc. portions of alcohol, which are brought to a 
boil each time. Finally the outsides of the crucible and the funnel are 
washed in the same manner. 
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T Ur at ion 

After the addition of a few grains of sand the filtrate is boiled for 
one minute. It is then cooled in a beaker, the volume of alcohol is 
noted, and 3 drops of 0.3 per cent thymol blue in 50 per cent alcohol are 
added. Titrate wdth 0.02 x sodium hydroxide to a pure blue color 
which remains practically imchanged, with no yellow tinge, while it 
is stirred for two minutes with a stopper m the mouth of the tube to 
avoid absorption of CO 2 . 

Ten cubic centimeters of alcohol are boiled down to the same volume 
reached by the boUed solution of fatty acids and are titrated as a bl ank . 

Calculation 

A represents the cubic centimeters of 0.02 x alkali used in the titration. 
B represents the cubic centimeters of 0.02 x alkali used to titrate the blank. 
C is an additional correction equivalent to 0.005 cc. of 0.02 x alkali, which 
must be subtracted from .4 to correct for the effect upon the end point of 
each cc. of water added with the alkali. Hence A — C — 0.995 A. The 
calculation is: 

Millimoles fatty acid in sample titrated = 0.02 (0.99.5 A — B) 

To translate into milligrams of fatty acid, multiply millimols by 277, the 
average molecular weight of the fatty acids as they usually occur in blood. 

ViTien 5 cc. of blood are used and 75 cc. of filtrate evaporated, so that the 
sample titrated represents 3.75 cc. of blood, the calculation becomes: 

Millimoles of fatty acid per liter blood = 5.30 A — 5.33 B. 

^Milligrams of fatty acid per 100 cc. blood = 147 .4 — 148 B. 

DETEIIMIXATIOX OF PHOSPHOLIPOIDS BY ESTIMATION OF PHOSPHORUS IX 

TOT.AL LIPOIDS 

Lipoid phosphorus may be determined in the Bloor alcohol-ether lipoid 
e.xtract by methods described in the section on the determination of organic 
phosphorus in chapter 31. 

DETERMIXATION OF PHOSPHOLIPOIDS BY ISOLATION AND OXIDATION 
ACCORDING TO BLOOR (10) 

The phospholipoids are precipitated from petroleum ether solution by 
adding acetone and magnesium chloride, the other lipoids remaining in 
solution. The lipoid in the precipitate is determined by oxidation with 
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silver dichromate, the excess of which is measured by titration with thio- 
sulfate, as in Bloor’s total lipoid method already described. 

For plasma or serum the Bloor alcohol-ether lipoid extract may be used. 

For whole blood extraction Bloor recommends the use of hot alcohol alone. 
Five cubic centimeters of blood are run v/ith continuous stirring into about 
75 cc. of redistilled 95 per cent alcohol in a 100-cc. volumetric flask. This is 
heated to boding on a water bath and allov.-ed to continue boiling gently, 
with occasional stirring, for five minutes. It is then cooled, made up to 
volume with alcohol and filtered through fat-free filter paper. 

Special reagents required 

Petroletcm ether, prepared as described in Fow'weather’s method for fecal 
fat. 

Redistilled acetone. 

..4 saturated solution of magnesium chloride in redistilled alcohol. 

},[oist ether. Ether shaken with w^ater until it is saturated. All ether 
must be peroxide-free. To test for peroxide shake the ether with half its 
volume of 10 per cent potassium iodide slightly acidified with sulfuric acid. 
If more than a faint yellow color develops the ether must be rejected or 
purified. Ether may be freed from peroxide by either of the following 
methods: 

1. Distil the ether with a short fractioning column, retaining only the 
first two-thirds which distils over. 

2. Wash the ether by shaking with 10 per cent potassium iodide acidified 
with sulfuric acid, adding thiosulfate to prevent accumulation of excess of 
free iodine. Continue shaking and decolorizing until no further color 
develops on the addition of potassium iodide. Wash the ether with w'ater 
and distil. 

The peroxide-free ether should be kept in the dark. 

Silver dichromate reagent, potassium iodide, and sodium thiosulfate solu- 
tions are the same as those used for Bloor’s oxidative determination of fatty 
acids described above. 


Isolation of phospholipoids 

A 20-cc. aliquot of the alcohol-ether extract of plasma or the alco- 
holic extract of blood is measured into a small beaker and evaporated 
to dryness. The residue is extracted by gentle boiling with at least 
three successive small portions of petroleum ether, which are, in turn, 
decanted into a 15-cc. graduated centrifuge tube until the total volume 
of liquid in the tube is 10 cc. The mixture is centrifuged and the liquid 
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transferred quantitatively to another centrifuge tube. It is then con- 
centrated to 2 cc. by immersing the centrifuge tube in a beaker con- 
taining about 1 inch of hot water. (A boiling tube, made by fusing to 
the end of a 6-inch length of 2-mm. stirring rod about ^ inch of melting- 
point tube, is inserted into the centrifuge tube to prevent explosive 
boiling /. To the 2 cc. of concentrated mixture are added 7 cc. of re- 
distilled acetone and 3 drops of cold saturated alcoholic magnesium 
chloride and the whole is well stirred with a small stirring rod or by 
bubbling air through it. The phospholipoids are precipitated.* Centri- 
fuge at about 1500 r.p.m. for five minutes. The acetone solution is 
now decanted, the precipitate rinsed once with acetone, and the tube 
allowed to drain. The precipitate is dissolved in 5 cc. of peroxide-free 
moist ether, solution being aided by stirring vrith a small glass rod. 
The final traces of undissolved residue and the small drop of aqueous 
magnesium chloride solution are separated by centrifuging for 3 minutes 
at about 1500 r.p.m. The ether is quantitatively transferred to a di- 
gestion flask like those used in the oxidative determination of fat, 
either by decantation or by means of a rubber bulb and a tightly fitting 
2 hole stopper used as is indicated in figure 64. The tube is rinsed twice 
with 1 cc. portions of ether. The solvent in the flask is then driven off 
by evaporation, the last traces being blown out of the flask by a gentle 
current of air. 

Oxidation and titration 

Oxidation and titration are carried out by the procedures described 
for the oxidative determination of fat. A blank determination must 
be carried through on all reagents. 

Caicidation 

cubic centinieters of thiosulfate used in blank — cubic centimeters of thiosulfate used for unknown 

_ 

milligrams of lipide in sample. 

COLOHniETRlC DETERMINATION OF TOTAL CHOLESTEROL IN BLOOR’s 
SAPONIFIED EXTRACT OF BLOOD LIPOIDS (12) 

Special reagents required 

Chloroform, free from water and other impurities. 

Acetic anhydride. 

Concentrated sulfuric acid. 

* Some samples of commercial acetone fail to precipitate phosphatides. The acetone 
should be tested with lecithin or other known phosphatide. 
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Standard cholesterol solution in chloroform. It is best to prepare in chloro- 
form a stock standard solution of cholesterol of v/hich each cubic centimeter 
contains 2 mg. From this other standards are prepared by dilution, as 
required. As standard and unknown must not differ greatly, it is iveil to 
prepare more than one standard with each test. The strength of these 
standards vdll depend on the cholesterol content of the aliquot of blood or 
plasma used for the development of the color reaction. Each cubic centi- 
meter of normal blood or plasma contains about 2 mg. of cholesterol. The 
standards most often required are those that contain, for analysis of plasma, 
0.5, 1.0, and 2.0 mg. of cholesterol in 5 cc. portions of chloroform, and for 
whole blood 0.25, 0.5 and 1.0 mg. of cholesterol per 5 cc. of chloroform, 

iMeyers and Wardell (30) have suggested the substitution, for the choles- 
terol standard, of a standardized solution of naphthol green B. 

Procedure 

If of the lipoids only the cholesterol is to be determined the alcohol- 
ether extract representing about 0.3 cc. of blood or plasma is evaporated 
to dryness, and the dry residue is extracted by boiling with 3 successive 
portions of 1 cc. each of chloroform. The extracts are decanted into a 
10-cc. glass stoppered graduated cylinder. The solution is cooled to 
room temperature, and is made up of 5 cc. by addition of more chloro- 
form. 

If the lipoids have, for the purpose of determination of fatty acids, 
already been saponified and redissolved in petroleum ether, as described 
above, 10 cc. of the petroleum ether extract are placed in a small Erlen- 
meyer flask and evaporated to dryness: the last traces of solvent are 
blown off with a gentle current of air. At least three successive small 
portions of chloroform are added, gently warmed to dissolve the residue, 
and decanted into a 10-cc. glass stoppered graduated cylinder. The 
solution is adjusted to room temperature and made up to the 5 cc. mark 
with chloroform. 

To the 5 cc. of chloroform solution prepared in either way 1 cc, of 
acetic anhydride and 0.1 cc. of concentrated sulfuric acid are added. 
The cylinder is then stoppered and its contents are mixed by inversion. 
In a similar cylinder are placed 5 cc. of a standard solution of cholesterol 
in chloroform. To this also 1 cc. of acetic anhydride and 0.1 cc. of 
sulfuric acid are added, and the whole is mixed. The cylinders are 
then placed together either in the dark or in the same light conditions 
in which the colorimetric reading is to be made. After fifteen minutes 
they are compared in a colorimeter. 
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Total cholesterol both free and present in the blood as ester, is 
determined in this, as in the other colorimetric methods described in 
this chapter. 


Cakiilatioii 

100 C S 

Milligrarr.; oi cholesterol per 100 cc. blood = — p — X ~ 

C = milligrams of cholesterol in standard; V = cubic centimeters of blood 
represented by sample analyzed; S = reading of standard in the colorimeter; 
U = reading of unknov.m. 

DETERMINATION OF TOTAL CHOLESTEROL IN SAPONIFIED LIPOID MIXTURE 
OF STODDARD ANT) DRURY (38) 

The titrated mixture obtained at the end of the Stoddard and Drury 
fatty acid determination (p. 499) is transferred to a 100-cc. beaker and 
acidified i^nth 3 x hydrochloric acid. After the addition of a few grains 
of sand it is evaporated to dryness on the steam bath. Ten cubic 
centimeters of chloroform are added; the residue is dissolved by stirring 
and allowed to stand 10 minutes, when it is filtered through a paper pulp 
Gooch crucible into a 20-cc. volumetric flask. The residue is extracted 
twice more with 5 cc. of chloroform for five minutes. The combined 
extracts are then made up to 20-cc. volume with chloroform and mixed. 
Two cubic centimeters are taken for a chloresterol determination, which 
is carried out according to the method of Bio or described above. 

Although the fatty acids are present while the cholesterol is being deter- 
mined, they give no color reaction nor do the}* interfere with the color reac- 
tion given by cholesterol. 

Calculation is b}* the above formula. 

DIRECT EXTR.\CTION .AND COLORIMETRIC DETERMINATION OF TOTAL 
CHOLESTEROL. MYERS ANT) WARDELL (30) .ANT) DE TONT (15) 

If it is desired to determine onh* cholesterol small amounts of blood may 
be directly extracted with chloroform and colorimetric determination carried 
out in the usual manner. 


Extraction 

One cubic centimeter of blood or plasma is slowly run into a porcelain 
crucible or small beaker containing 4 or S grams of plaster of Paris. 
The mixture is stirred and dried, preferably in a drying oven. It is 
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then emptied completely into a small extraction shell 4 cm. long and 
this in turn is inserted into a short test tube 2.5 by 6 cm., with a number 
of holes in the bottom. This is attached to a large cork on a s mall re- 
flux condenser, and tube and cork are inserted in the neck of a 150-cc. 
extraction flask containing 20 to 25 cc. of chloroform. Extraction is 
carried out for thirty minutes on an electric hot plate. The flask is 
then detached, the chloroform made up to a suitable volume (15 cc. is 
usually satisfactory) and filtered if necessary. The apparatus is il- 
lustrated in figure 66. 



Fig. 66. .apparatus of Alyers and Wardell (30) for the extraction of choiesterol from 
biood or serum. 


Five cubic centimeters of the extract are then transferred to a dry 
test-tube or glass stoppered cylinder and treated in the usual manner 
described above. Myers and Wardell recommend the use of 2 cc. of 
acetic anhydride, instead of 1 cc. 

De Toni (15) uses the same principle applied to the Folin-Wu tungstic 
acid precipitate of blood proteins. The precipitate, which contains all 
the lipoids as well as the proteins, is mixed with plaster of Paris in a 
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mortar, dried, pulverized, and extracted with chloroform as in the Myer- 
Wardeil method. One portion of the extract can be used for cho- 
lestrol determination, another for determination of the phosphatides. 
De Toni's procedure makes for economy when both lipoids and sub- 
stances in the Folin-Wu filtrate are to be determined. 

DIRECT EXTRACTION AND COLORIMETRIC DETERinX'ATION OF TOTAL 
CHOLESTEROL. LEIBOFF (23) AX'D LING (25) 

Because of dimculties they experienced in keeping the plaster of Paris 
hneiv divided and transferring it quantitatively in the method of Myers and 
Warden, both Leiboff (23) and Ling (25) have proposed drjdng the blood on 
filter paper and have densed special apparatus to facilitate extraction. 



Fig. 67. Leibou’s (25) tube for the e.xtraction of cholesterol from blood or serum in 
the procedure of ilyers and Wardell. The entire length of the extraction tube is about 4 
inches. The upper part .4 is 2 inches long and | inches in diameter. The constricted 
part B is L inch long in diameter and 14 inches long. The capacity of the bulb C is such 
as to hold a trifle less than 5 cc. of fluid, so that when e.xactly 5 cc. of fluid are placed in 
the tube, the meniscus of the fluid reaches about to the middle of the constricted portion 
B which is marked by a line. The filter paper disc X is prepared from WTiatman fat-free 
e-xtraction thimbles. A number of other filter papers were tried, but these were found to 
be the best for this purpose. The disc has a diameter of |-inch and a thickness of j\-inch. 
It has a small opening in the center so that the vapors of chloroform may easily pass. 

Leiboff has dexdsed a tube in which both extraction of cholesterol and the 
development of the color reaction can be carried out without transfer. This 
is illustrated in figure 67, (Filter paper discs and tubes may be secured 
from the Empire Laboratory Supply Company, New York City.) 

Five cubic centimeters of chloroform are placed in the extraction 
tube and the filter paper disc is inserted. 0.25 cc. of blood is then run 
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on to the disc with a pipette. The tube is attached to a refliix con- 
denser and immersed, to a point above the level of the chloroform, 
in a beaker of hot or boiling water on an electric heater. 

After thirty minutes' extraction it is detached from the condenser, 
the filter disc, AT, is removed, the contents of the tube are cooled to 
room temperature in cold water, and enough chloroform is added to 
bring the volume of solution to the 5 cc. mark. 

The actual determination of chloesterol is then carried out in the 
usual manner. 



Fig. 6S. Ling’s (25) continuous e.i;traction apparatus for use in the determination of 
cholesterol in blood and serum by the method of Myers and Wardell. Test tube (25 by 
150 mm .) with a bulb, .4, of about 9.5-cc. capacity at the lower end and a lO-cc. calibra- 
tion mark on the neck of the bulb. B, a glass cup (20 by 30 mm.) used to hold the niter 
papers and suspended from the glass coil condenser by fine copper wire. C, a glass coil 
condenser inserted through a cork stopper. 


Ling (25) has described a tube that combines extractor and condenser and 
permits development of color without transfer. This is illustrated in 
figure 68. 

0.5 cc. of blood or plasma is run, by means of a pipette, on to two 7- 
cm. pieces of fat-free filter paper. These are then dried by suspending 
them on a clean copper wire over an electric hot plate. (Dr3dng is not 
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absolutely essential). The filters are folded together so that they will 
drop into the glass cup, 5. The cup is then hung on the condenser, 
8 cc. of chloroform are placed in the tube, condenser and cup are at- 
tached, and the tube is inserted into boiling water which should come 
above the level of the chloroform. Extraction should be continued for 
forty minutes after chloroform begins to drip from the condenser. At 
the end of this time condenser and cup are detached, the tube is cooled 
under the tap, and enough chloroform is added to bring the volume of 
solution to iO cc. 

The determination is continued in the usual manner. 

Frccaiitions 

The greatest dimculty in the colorimetric methods is the tendency for a 
yellow or brownish discoloration to appear from time to time in the chloro- 
form extracts. This is probably due to the presence in the extracts of color- 
producing substances other than cholesterol, possibly, as Luden has sug- 
gested, bile derivatives. This difiiculty is more frequently encountered 
when Bloor’s alcohol ether extract is redissolved directly in chloroform. It 
is less common if chloroform extraction is preceded by saponification as in 
the Stoddard method, or is applied directly to dried blood or plasma, as in 
the method of Myers and Wardell and its modifications. Mueller (29) has 
shown that the discoloration can usually be eliminated if the chloroform ex- 
tract is washed with water and then dehydrated with anhydrous sodium sul- 
fate. Bloor (9) advises the use of a red glass filter in the colorimeter when 
a serious degree of discoloration occurs. 

As in most other colorimetric procedures, accurate results can be obtained 
only if the colors of unknown and standard differ by not more than 30 per 
cent. Ling (25) says that if the colors differ greatly, correct readings can be 
obtained bv' diluting the stronger solution with chloform. It is, however, 
better practice to prepare more than one standard. 

FREE CHOLESTEROL, ISOLATION AXD OXIDATIVE TITRATION AS DIGITONIDE. 

OKEY (32) AND TURNER (40a) 

Principle 

Free cholesterol is precipitated as the digitonide, and is oxidized with 
dichromate by the method of Bloor, the excess dichromate being determined 
by iodometric titration. Okey washed the digitonide in a porous crucible, 
foUovring the general principles of Windaus (43). Turner simplified the 
technique for micro analyses by substituting washing in centrifuge tubes. 
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Special apparatus 

Fifteen-cubic centimeter centrifuge tubes with conical bottoms and v/ith 
vvell ctted ground glass stoppers are used. They are easily prepared by 
srinding grass stoppers v,'ith abrasive into ordinary centrifuge tubes. 

Reagents 

Digitonin, a 1 per cent solution in alcohol. 

Reagents for the chromate oxidation titration, listed on page 496, viz., 
standard thiosulfate and dichromate, KI and starch solutions, and silver 
dichromate in concentrated suKuric acid. 

Alcohol, 95 per cent. 

Ether, redistilled. 

Procedure 

Precipitation of digitonid. An aliquot of Bloor’s alcohol-ether 
extract (see p. 495) conta inin g 0.5 to 1.5 mg. of free cholesterol is placed 
in the 15-cc. centrifuge tube. Precipitation is most favorable if the 
volume is 6 to 8 cc., and if the volume of extract taken exceeds this 
amount, it is reduced by placing the tube in a water bath at 70° until the 
necessary amount of evaporation has occurred. One cubic centimeter 
of the digitonin solution is added and the mixture is evaporated to 
dryness in an oven at 124° or in a water bath at 70°. Evaporation in a 
water bath is longer but safer. In an oven there is likelihood of the 
formation of an explosive mixture of ether vapor and air, particularly if 
the oven is small and the number of tubes considerable. If a water bath 
is used, the temperature must be kept down to 70° in order to avoid 
loss of material from bumping of the solution. 

Washing the precipitate. The precipitate is washed, first with 
ether to remove fatty substances, then with water to remove excess 
digitonin and water-soluble impurities. 

When the last traces of solvent have been evaporated, 10 cc. of re- 
distilled ether are added at once, without removal of the digitonide 
particles from the sides of the tube. If the initial washing is accom- 
plished without disturbing the precipitate, it becomes flakey and allows 
thorough subsequent washings. Two additional extractions are made 
with warm ether by mixing the digitonide and ether with a stirring rod. 
The solvent is removed each time by decantation after centrifugation 
at high speed to pack the solid material into the bottom of the tube. 
The last traces of ether are removed by warming the tube in a water 
bath. 
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The precipitate is then washed with warm water until the wash 
waters no longer present a foamy appearance. The water is decanted 
in the same manner as the ether, but the centrifugations must be 
carried on a longer time i thirt}" minutes) to insure packing of the pre- 
cipitate, which has a greater tendency to remain in suspension ui water 
than in ether. The residual moisture is finally removed by drying the 
washed precipitate in the oven. 

Oxidation. Silver chromate reagent is added as described on page 
496 for determination of total lipoids by dichromate oxidation. Intimate 
contact of the oxidative mixture with the digitonide is obtained by placing 
a short rod, of 2-mm. diameter, m the tube, and tapping the tube care- 
fully. The stirring rod must be short enough to allow insertion of the 
ground stopper, and is not removed during the heating. The tube is 
placed in the oven at 124dr2‘' or in a bath at 90°, and the oxidation 
and titration are carried out as described on page 497. 

Calculation 

0.0974 {B — .4J = milligrams of free cholesterol in sample analyzed. 

B indicates the cubic centimeters of 0.1 N thiosulfate required to titrate 
the dichromate in a blank analysis, and .4 the cubic centimeters required to 
titrate in the analysis of the unknown. 

The factor 0.0974 is the average found by Okey (32) in a series of analyses. 
It is 3.4 per cent above the theoretical factor, 0.0942, calculated from the 
formula of the digitonide as the amount oxidizable by 1 cc. of 0.1 n oxidizing 
agent. It appears that either the oxidation may not be quite complete to 
CO 2 and H;0, or that a slight loss may occur in the precipitaton or washing. 

Turner (40a) found that the error by the method was +2 to +4 per cent, 
while by the colorimetric method applied to Bloor’s extract the error was 
-fS to 4-12 per cent. 

Cholesterol esters can be calculated by subtracting free cholesterol from 
total cholesterol. The total cholesterol can be determined by any of the pre- 
ceding colorimetric methods or, apparently with more accuracy, by appMng 
the digitonin method to the saponified lipoid mixture of Stoddard and Drury. 

GASOMETBIC LEPOID DETERMINATIONS 

Backlin has shown that when the lipoids are oxidized with dichromate 
and sulfuric acid the carbon is quantitatively oxidized to CO 2 , which can be 
determined gasometrically. This procedure can be substituted for Bloor’s 
titration of excess dichromate, described above for lipoids and cholesterol 
digitonide. The gasometric method has over Bloor’s titration of excess 
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dichromate the apparent advantage that spontaneous decomposition of 
some dichromate by heat does not affect the CO 2 yield, whereas it does 
affect the titration. Backlin claims greater immunity from error for his 
method, which is described on page 433 in the chapter on gasometric methods. 

lodometric titration of unsahiratcd fatty acids will be described in the 
appendix. 
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CHAPTER X 


Total and Xon-psotein Xitrogen 


THE KTELDAHL METHOD 

The procedures for the determination of nitrogen which are most extern 
sivelv used at present are modifications of the method devised by Kjeldahl 
(17'- in 1883. In this method material for analysis is digested in hot sulfuric 
acid; nitrogen is converted to ammonia which combines with the sulfuric 
acid to form ammonium sulfate. KjeldahPs original procedure has been 
modified repeatedly to insure and to accelerate complete digestion. Among 
the expedients employed for this purpose are; 1, the addition of phosphoric 
acid or of potassium sulfate to raise the boiling point of the digestion mix- 
ture; 2. the addition of mercury, copper or other metals or their salts as 
catalysts; 3, the addition of oxidizing agents, such as hydrogen peroxide, 
perchlorate, and persulfate. 

Although the Kjeldahl method is usually spoken of as a procedure for 
the determination of total nitrogen, it can be used for the estimation of 
nitrate nitrogen only if certain modifications are introduced, and fails to 
give quantitative results with many other nitrogen compounds (4). Such 
compounds, however, are not ordinarily encountered in the body and its 
secretions or excretions. Consequently for body fluids, tissues, and excre- 
tions the Kjeldahl method is really a total nitrogen determination. 

The ammonia nitrogen in the digest is usually estimated by one of three 
methods. 1. The digest is rendered alkaline to liberate the ammonia, and 
the latter is distilled into standard acid and titrated. This is the universal 
procedure in macro analyses. In micro analyses both it and the two fol- 
lowing are used. 2. X’essler’s solution is added either to the original diges- 
tion mixture or to acid into which the ammonia has been distilled, and the 
ammonia is determined colorimetrically. 3. The digest is treated with 
hxpobromite and the ammonia nitrogen is set free as nitrogen gas, which 
is measured. 

KJELD.AHL DIGESTION PROCEDURES EOE M.ACEO ANALYSES 
Apparatus 

Higffition is carried out in a round-bottomed 500 to 800 cc. flask of Pyrex, 
Jena or other hard glass which can resist hot alkali and extreme heat. The 
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ilask has a long neck to prevent loss of material by spattering during the 
digestion. 

Ordinarily the digestion is carried out under a hood. The flask is set 
over a Bunsen burner. The neck of the flask is inclined at an angle of about 
30 degrees from the horizontal and the mouth is inserted into a hole in the 
side of a large lead pipe. The latter is connected directly with the flue of 
the hood and sen’es to carry off the fumes. The top of the burner should 
be close enough to the flask so that the flame can spread well ovei the round 
bottom of the flask. Setting the flasks at an angle insures against loss of 
material by spattering. Sulfuric acid condenses in the lead pipe which 
should, therefore, be slightly inclined upwards towards the flue and should 



have a small perforation at its lowest point, at the end furthest from the 
flue, to permit the condensed sulfuric acid to escape. This can be directed 
into a glass receiving vessel, and can be used for the preparation of cleaning 
fluid or other purposes for which pure acid is not required. 

If a suitable hood or fume chamber is not available the sulfuric acid 
vapors may be carried away by suction. The outlet of a 2- or 3-liter wash 
bottle partly filled with caustic soda solution is connected with a suction 
pump; the inlet tube is connected with a Folin (8) fume absorption tube 
(see figure 69) or a small funnel. During the digestion the absorption tube 
is placed loosely over the mouth of the digestion flask and a constant current 
of air is drawm through. It is easy to devise a manifold which permits the 
removal of fumes from a w'hole series of flasks at the same time. 
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Gentrtil procedure of ynacro digestion 

Place enough material to contain 15 to 30 mg. of nitrogen in the Kjel- 
dflhl jBask. Add a suitable amount of acid digestion mixture (see 
below). Place the flask on the burner as described above. To avoid 
excessive foaming or bumping only moderate heat is applied at first, 
especially if the material contains albuminous matter. A few bits of 
quartz, porous clay plate, or glass beads maybe introduced into the flask 
to assist smooth boiling. As soon as vigorous boiling has commenced 
and initial excessive foaming and bumping have ceased the flame is 
increased. After the water present has been boiled off dense white 
fumes of sulfuric acid fill the flash and the organic matter becomes 
charred, making a black or brown mixture. Boiling is continued until 
the solution has become clear. If the charred material creeps up into 
or near the neck of the flask the latter is removed from the burner and 
the carbonaceous matter washed down either by rotating and tipping 
the flask or by the cautious addition of a few drops of concentrated 
sulfuric acid. (The flask may be handled with asbestos gloves or 
wooden tongs.) After the liquid has become clear the digestion in some 
cases is finished. In others gentle boiling with a lowered flame must be 
continued from one-half to two hours, depending on the nature of the 
material imder analysis and the digestion mixture employed. 

The flame is then removed and the flask is allowed to cool until water, 
when added cautiously, causes no sputtering. The contents are then 
diluted with about 300 cc. of water. If the flask is allowed to cool too 
long the digest may crystallize. It this occurs the crystals can be 
brought into solution by heating gently after water is added. The water 
used for dilution should be ammonia-free. Tap water from some 
sources may meet this requirement. Distilled water which has stood 
long exposed to laboratory air may contain significant amounts of 
ammonia. 

If it is desired to interrupt the procedure at this point the flasks may 
be stoppered and set aside until it is convenient to continue the analysis. 

Digestion mixtures 

The Arnold-Gunning (2, 14) mixture consists of concentrated sulfuric 
acid, cr}’stailine potassium sulfate, and copper sulfate or pure copper filings. 

For digestion of the usual amounts of material about 20 cc. of sulfuric 
acid, 10 gmms of potassium sulfate, and a small particle of copper or 0.1 
to 0.2 gram of copper sulfate are used. 
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The digestion must be continued for about an hour after the solution has 
become clear. If it contains large amounts of protein, fat, or sugar even 
an hour’s digestion and the addition of further acid v.-ill not ahvays insure 
complete conversion of nitrogen to ammonia. The authors have found, 
for example, in the determination of serum proteins, that complete digestion 
within ninety minutes can be insured only by the addition of some extra 
oxidizing agent. 

The 21 SC of hydrogen peroxide. Koch and McMeekin (16) have shown that 
by the use of 30 per cent hydrogen peroxide (Merck’s superoxol or Kahl- 
baum’s perhydrol) the digestion can be driven to completion more rapidly 
and certainly. The foUowdng procedure has been employed in the labora- 
torv' of one of the authors (P.) in the digestion of protein-containing 
solutions. 

Digestion is begun with the sulfuric acid, potassium sulfate, copper 
sulfate method described above. At the end of thirty minutes, or when 
the solution is clear, the flask is removed from the flame and allowed 
to cool for fifteen to thirty minutes. Then 0.5 cc. of superoxol is care- 
fully introduced with a pipette. Boiling is then resumed and continued 
thirty minutes after the reappearance of sulfuric acid fumes. 

Thirty per cent hydrogen peroxide has one distinct advantage: it can be 
obtained nitrogen-free. Against this must be balanced the fact, that it is 
expensive and that it tends to etch the glass apparatus with which it comes 
in contact. 

Davenport (5) has suggested the substitution of ten times the volume 
of the 3 per cent hydrogen peroxide solution of the United States Pharma- 
copoeia. This is usually preserved with acetanilid, the nitrogen of -which 
is quantitatively turned into ammonia by the digestion. If such peroxide 
is used a correction must be introduced for the acetanilid nitrogen. This 
according to Davenport, amounts to about 0.046 mg. per 1 cc. of pero.x- 
ide used. 

Dupray (7) has recommended a mixture of suHuric, phosphoric and 
perchloric acids. Perchloric acid was suggested earlier as an aid to Kjeldahl 
digestion by Mears and Hussey (18). If, however, the organic material 
present does not reduce aU the perchloric acid the latter destroys part of 
the ammonia formed. For this reason perchloric acid can not be used as 
a general reagent in Kjeldahl digestions. 

Digestion with the aid of potassium persidfate, according to IT’ong (dd). 
Wong has demonstrated that the period of digestion in the Arnold-Gunning 
ipodi&cation of the Kjeldahl method can be reduced to a third by the addi- 
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tion of potassium persulfate. Persuliate had already been recommended 
by Huguet and Pitareiii,. '.vho added small amounts in the early part of the 
digestion. Wong, hovcever, shov.-ed that the salt had a greater effect if it 
vras added in the latter stage of the digestion and in the presence of moisture. 
If added before the greater part of the water has been boiled off the per- 
sulfate may be decomposed before the digest has become concentrated 
enough to destroy the organic matter. 

To the usual amount of material add a small partical of copper or 
about 0.1 gram of copper sulfate, 5 grams of potassium sulfate, 20 cc. 
of concentrated sulfuric acid and a few bits of quartz or glass beads. 
Digest in the usual manner imtil the mixture becomes amber-colored 
(usually ten to thirty minutes, depending on the nature of the material 
which is being analyzed). At this point turn off the flame and allow 
the solution to cool for ten minutes. At the end of this period remove 
the flask from the shelf and, holding the flask with its mouth pointing 
away from the face, gradually and cautiously let about 3 cc. of water 
from a pipette dropper flow down the side of the flask, which is gently 
rotated at the same time. When this is done set the flask upright and 
dump into it from 3 to 10 grams (depending on the nature of the material 
under analysis) of potassium persulfate, taking care that as little powder 
as possible adheres to the sides of the neck. The persulfate used 
should be purified free of ammonia as described on p. 356. Mix the 
contents of the flask thoroughly by rotation and immediately resume 
heating. Continue heating imtil the acid digest becomes green. This 
usually takes about fifteen minutes. Cool the flask and dilute its 
contents in the usual manner. 

The advantages of persulfate are that, unlike perchloric acid, it does not 
destroy any ammonia, it has not the explosive tendency of hydrogen per- 
oxide, and does not injure glass. 

DISTILLATION AND TITRATION OE AMMONIA 
Apparatus used for distillation 

In the type of apparatus usually employed for distillation of the ammonia 
a metal water bath with a continuous water flow cools a series of block tin 
or hard glass condenser tubes. Each of these is connected at the upper 
end by rubber tubing with a glass tube which passes just through a rubber 
stopper fitting tightly in the neck of the Kjeldahl flask. Beneath the 
flask is a burner. 
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The glass tube which connects iiask and condenser is usually equipped 
v.'ith a safety bulb to prevent strong alkali from spattering into the condenser 
from the flask. iMany types of such safety tubes are available on the 
market. That illustrated in figure 7t} is one v/hich has been found practical 
and efficient. 

The lov/er end of the condenser is connected by rubber tubing to a 
straight glass tube, the lower end of which dips into the acid in the receiving 
flask or bottle. This glass tube should be of relatively wide bore to prevent 
fluid from sucking back into the cendenser. It may be expanded at its 
upper end into a bulb to further provide against such a contingency. 



Fig. 70. Safety bulb for Kjeldahl digestion 


For receiving the ammonia distillate wide-mouthed Erlenmeyer flasks 
are most convenient; but the ordinary pint or quart commercial milk 
bottles are cheap and quite satisfactory substitutes. 

Reagents for distillation and titration 

.4 concentrated solution of sodium hydroxide. This can be made by mixing 
equal weights of commercial solid NaOH and water. The mixture becomes 
hot, and should be made in eartlien-ware or iron vessels, as it is likely to 
break large glass ones. Commercial caustic soda already in concentrated 
solution can be obtained on the market in steel drums. The impurities, 
chiefly iron, do not interfere with its use for Kjeldahl determinations. 
Those who are making many nitrogen studies will find it cheaper and safer 
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to purchase this solution than to make it. The volume of this alkali solu- 
tion required to neutralb.e the acid used in a digestion is determined hy 
rough titration. 

Zinc, pieces of porous plaie, poicdcral pumice, or talcum pou'dcr to prevail 
bumping. Powdered zinc is superior in promoting smooth boiling, but is 
the most expensive. 

.4 1 per cent solution of alizarin red. 

Standard hydrochloric acid solution. The strength of this solution may 
be varied according to the amount of pitrogen expected. For most macro 
Kjeldahl w’ork 0.1 or 1 44 x acid is emplo 3 ’ed. The 1/44 normal acid has 
the convenience that 1 cc. of it corresponds to 1 mg. of nitrogen, and calcula- 
tion is simplified. In laboratories where Kjeldahl determinations do not 
constitute a large part of the usual vrork, however, it is hardly \vorth while 
to keep up the 1 44 x acid in addition to the 0.1 x used for general purposes. 

Standard sodium hydroxide solution of the same strength as the standard 
acid. 

Indicator. The indicator should change color on the acid side of neutral- 
ity’, preferably at about pH 6 or a little lower. A 0.4 per cent solution of 
methyl red in methyl alcohol or a 1 per cent solution of alizarin red in water 
can be used. The analyst chooses the indicator to which his eye is most 
sensitive. Some analysts prefer the color change of a mixture of methyd red 
and para-nitrophenol. It is prepared as follow’s: dissolve 100 mg. of methyl 
red and 30 mg. of para-nitrophenol in 50 per cent alcohol with the aid of 
heat, and filter. 


Procedure of distillation and titration 

First the 0.1 or 1,T4 x acid and the indicator are measured into the 
flask which is to receive the distillate, and the flask is put in place below 
the condenser, with the connecting tube from the condenser dipping 
just below the surface of the acid. 

To the digest, diluted with about 300 cc. of water and cooled, one 
adds a piece of porous plate or pumice stone, or a little talcum powder 
or powdered zinc. A drop of two of alizarin red is also added. With 
the neck of the flask inclined at an angle, a measured volume of strong 
sodium hydroxide sufficient to somewhat more than neutralize the acid 
present is run in along the side of the flask. Care is taken not to get 
alkali on the part of the flask which comes into contact with the stopper 
during distillation. The heavy alkali solution runs under the acid 
solution in the flask without mixing, and forms a separate layer. The 
upper layer of solution remains acid, so that no ammonia can escape. 
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Without mhmg its contents the flask is now connected with the still. 
After the connection has been made the contents are mixed by a whirl- 
ing movement of the flask. The alizarin indicator should turn a deep 
red, showing that excess alkali is present. The burner under the flask 
is at once lighted. The heat of neutralization has wanned the solution 
already, so that distillation begins quickly after the burner is lighted. 
If the acid and alkali are not mixed before heat is applied boiling will 



Fig. 71. Apparatus of Folin and Wright (11) for the rapid distillation of ammonia in 
the Kjeldahl procedure without the use of a condenser. For digestion a 300-cc. Kjeldahl 
flask, is used and distillation is carried out over a micro-burner. • 


begin in an explosive manner which may drive the strong alkaline mix- 
ture into the condenser or even break the flask. If the acid and alkali 
were mixed before the flask is connected with the still, the alkalinity 
and the heat generated by the neutralization of the acid would cause 
immediate loss of ammonia. 

During the first minutes of distillation only a low flame is used. As 
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distillation advances and the boiling point of the mixture rises the heat 
may be increased. Distillation is continued until from one-half to two- 
thirds of the solution has boiled away or until the first signs of bumping. 
Most of the ammonia comes over within the first few minutes. In the 
latter part of the distillation the delivery tube may be lifted out of the 
acid receiving solution as a precaution against sucking acid back into 
the condenser. 

Folin and Wright (11) in their rapid distillation method without a 
condenser .see figure 71) allow the acid mixture to cool only four to 
five minutes after digestion is complete. Only 50 cc. of water is then 
added, followed by pumice and the requisite amount of sodium hy- 
droxide. Acid and alkali are mixed and the mixture is vigorously dis- 
tilled for onh- four or five minutes over a micro burner. The hot vapors 
pass directly into the standard acid in the receiving vessel, but no am- 
monia is lost if the delivery tube dips below the surface of the acid. 
In general, however, it is more certain and convenient to condense and 
cool the distillate before it enters the receiver. 

When the distillation is complete the delivery glass tube is discon- 
nected from the still before the flame is extinguished. If this order of 
procedure is reversed the receiving acid may be drawn back into the 
distillation flask before the latter can be detached. The delivery glass 
tube is removed from the receiving vessel and washed with a little 
distilled water. 

The free acid in the vessel is titrated with standard alkali solution. 
The analysis is then finished. 

If too little acid has been placed in the receiving flask to neutralize 
the ammonia, the receiving solution will change color in the course of 
distillation. If this change is noticed at once and a measiured amount 
of extra acid is added, however, no ammonia is lost. 

PRECAUTIONS 

Ail reagents used for nitrogen determination should be as nearly as pos- 
sible free from ammonia and other forms of nitrogen. zAll sources of am- 
monia fumes should be kept remote from the room where nitrogen deter- 
minations are being made. 

Blank determinations mnst he made on the reagents at frequent intervals, 
because these reagents are likely to contain ammonia. If the blank amounts 
to more than 0.2 or 0.3 cc. of 0.1 n ammonia, it is desirable to find which 
reagent is responsible and replace it. It may be the potassium suKate, the 
sulfuric acid, or the water used to dilute the digest. 

If, by any chance, alkali or acid finds access to the condenser tubes, the 
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latter must be washed out thoroughly by distilling water through them from 
a weak acid solution until the distillate comes through neutral. If a con- 
denser has stood for some days unused, it is a wise precaution to wash it 
thus before it is used in an analysis. 

During both digestion and distillation the analyst should have his eyes pro- 
tected by glasses (see p. 48). 

Calculations 

In titration by the reaction 

XH 4 OH -f HCl = XH,a -f H 2 O 


one milligram atom, or 14 mg., of ammonia nitrogen, is titrated by 1 mg. 
equivalent, or 1 cc. of 1 n acid. Hence the cubic centimeters of 1 x acid 
neutralized by the ammonia are multiplied by 14 to calculate milligrams of 
nitrogen. 

The calculation formula is 

Milligrams x in sample = 14 F (.4 — 5 — C). 

A - cubic centimeters of standard acid, 0.1 or 1. '14 x, placed in receiver. 

B = cubic centimeters of standard alkali of same strength required to 
titrate the excess of acid not neutralized b\' ammonia. 

C = value of -4 — 5 found in blank analysis of the reagents, 

F — strength of standard alkali (0.1 or 1 ’14) in terms of normality. 

MICRO MODIPICATIOXS OF THE KJELDAHL METHOD 

Although Strauss (21) is credited Folin with having made the first 
important and extensive studies of the non-protein nitrogen of the blood in 
health and disease, it is the name of Folin (9) himself which is most inti- 
mately connected with the development of the subject and of the methods 
for the determination of minute amounts of nitrogen. 

The term micro-method is applied generally, in the case of nitrogen, to 
procedures that permit reasonably accurate determination of as little as 1 mg. 
of nitrogen or less. Alethods adapted to the estimation of even smaller 
amounts (6, 19, 22) such as the non-protein nitrogen in 0.1 to 0.2 cc. of 
finger blood, have been proposed but have not been wddely employed. 

The procedures are similar to those employed in the macro-Kjeldahl 
method, with modification to permit the use of small quantities of material. 
The filtrate is first digested with a suitable digestion mixture. The am- 
monia may then be distilled into acid of appropriate strength and titrated 
with alkali or it may be determined in the digest, either colorimetrically 
after treatment wdth Nessler’s reagent, or gasometrically by treatment with 
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hvpobromiie. Removal of the ammonia by aeration has been recom- 
mended; but it is more time consuming than distillation and has not given 
as constant results in the hands of most v/orlters who have compared the two 
procedures. Direct nesslerkation and colorimetric determination of the 
ammonia in the digest make for economy of time and material. If more 
than 1 mg. of nitrogen is determined, how’ever, distillation and titration is 
more exact, and is preferred to the colorimetric procedure by many, includ- 
ing the authors. For gasometry (23) the digest is washed directly into the 
manometric gas apparatus and the ammonia is determined by measurement 
of the nitrogen gas evolved after addition of hr^obromite. This procedure 
avoids distillation and determines the ammonia with less than 1 per cent 
error. 

The percentage error in the micro methods is likely to be greater than in 
macro Kjeldahl analyses. Impurities in the reagents affect the micro 
results more seriously, and there is more liability to error arising from any 
deviations from perfect technique in digestion, distillation, or titration. 
The digestion in particular demands attention. Directions for use of each 
digestion mixture must be followed precisely. Peculiarly enough, if one 
takes 1, '20th as much of both reagents and digestion mixture one does not 
get necessarily the same complete vield of ammonia that is obtained with 
the macro method. In general the macro rather than the micro method is 
to be recommended when sufficient material is available and one desires to 
keep the error below 1 per cent. 

Nevertheless if the micro analysis is performed with the precautions de- 
tailed below, wdth steam distillation foUow^ed by titration from a calibrated 
micro burette, or with gasometric determination of the ammonia, it is possible 
for a practiced analyst to approach in micro analyses the accuracy of the 
macro Kjeldahl. 

MICRO KJELD.-mL DIGESTION BY THE AENOLD-GUNNING METHOD, WTTH AND 

WITHOUT PEROXIDE 

For protein-free fluids, such as non-albuminous urine and blood filtrates, 
the sulfuric acid and copper sulfate mixture of the Arnold-Gunning method 
applied to micro analyses gives satisfactory results. If protein is present, 
however, an extra oxidizing agent must be added. As such hydrogen perox- 
ide, introduced by Koch and McMeekin (16), may be used. 

The digest obtained is suitable for distillation and titration of the am- 
monia. It is not suitable for direct nesslerization nor for the gasometric 
determination of the ammonia, both of which are interfered with by the 
copper present. 
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Procedure 

Material containing 0.3 to 4 mg. of nitrogen is placed in a 100~cc. 
Kjeldahl flask with 1 cc. of concentrated sulfuric acid, 5 or 6 drops of 
5 per cent copper sulfate solution, and 0.5 gram of potassium sulfate. 
One or two glass beads are added to prevent bumping, and the mixture 
is heated until the water has been driven off and the concentrated residue 
has become clear. Heating is then continued two minutes longer. 
This finishes the digestion if the material contains no protein or lipoids. 

If protein is present the cleared digest is cooled and 1 or 2 drops of 
30 per cent hydrogen peroxide are added. Then the mixture is heated 
to boiling for one minute. Boiling may commence explosively. It is 
less likely to do so if the tube is agitated by tapping until boiling begins. 

It is probable that the hydrogen peroxide in the Arnold-Gunning micro 
digestion could be advantageously replaced by potassium persulfate used as 
in the procedure next described. 

MICRO KJELDAHL DIGESTION WITH THE SULELTIIC-PHOSPHORIC-PERSULFATE 
MIXIHRE OF VAN SLY-RE (23) 

In this procedure phosphoric acid is used instead of copper to accelerate 
the first stages of the digestion, and persulfate is used to complete the oxida- 
tion. Digestion with this mixture is rapid, and is complete as soon as the 
solution clears, whether proteins are present or not. 

The digest obtained is suitable for determination of the ammonia by distil- 
lation and titration, or by the gasometric h\pobromite method. It is not 
recommended for the direct nesslerization because the phosphoric acid is 
likely to detach particles of silica from the glass so that the solution is not 
entirely clear for colorimetric readings. 

The reagents, ammonia-free potassium persulfate and a 3:1 mixture of 
concentrated sulfuric and phosphoric acids, are described on pages 354-56, 
in the chapter on gasometric methods, and the digestion procedure on 
page 356. 

MICRO KJELDAHL DIGESTION FOR DIRECT NESSLERIZATION BY THE PERSULFATE 
METHOD OF WONG (25) 

The determination of ammonia formed in Kjeldahl digestion by adding 
Xessler's solution directly to the diluted digest, and thus avoiding distilla- 
tion, was introduced by Folin and Denis (11). These authors, however, 
used for digestion a mixture consisting chiefly of phosphoric acid, 3 parts to 
1 of sulfuric, •which was likely to detach silica from the digestion tubes and 
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cloud the solution. This diihculty was overcome by Wong’s substitution of 
potassium persulfate in place oi the rjhosphoric acid as accelerator of the 
digestion. 

Reagt/its 

Fiftv per cent sulfuric acid by volume. ^Mixture of equal volumes of con- 
centrated sulfuric acid and water. 

Ammouiii-frec potassium persulfate, saturated solution. The potassium 
persulfate is purined free of ammonia, if necessary, by the process described 
on page 356. Of the ammonia-free salt 7 or S grams are shaken in a glass 
stoppered vessel with 100 cc. of water. The undissolved crystals are left in 
the flask, and serve to keep the solution saturated, even if some of the dis- 
solved persulfate undergoes decomposition. 

Digestion 

To material containing 0.2 to 0.3 mg. of nitrogen add 1 cc. of the SO 
per cent sulfuric acid and two or three glass beads. Digest as usual 
until the water has been driven ofif and white sulfuric acid fumes appear. 
When the tube or flask is nearly full of fumes, cover it with a small 
watch-glass and reduce the flame so that the acid mixture boils gently. 
Continue the gentle boiling for two to four minutes.^ Remove the 
burner and allow the solution to cool one minute. Take off the watch- 
glass and add with a fine pipette or dropper, 2 drops^ to 1 cc. of saturated 
persulfate solution. Replace the burner and continue boiling until the 
digestion mixture becomes colorless, which is usually fifteen seconds to 
two minutes’ after the reappearance of sulfuric acid fumes. 

DISTILIATION AND TITRATION IN MICRO XJELD.AEIL .XN.ALYSES. BOCK AND 

benedict’s distillation (3) 

A simple form of apparatus similar to that employed by Bock and Bene- 
dict is illustrated in figure 72. 


^ The time of boiling and the quantity of persulfate depend on the nature of the material 
which 13 being analyzed. Wong prescribes the following boiling periods and quantities 
of persulfate for different purposes. 
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Into the receiving flask, F, is measured sufficient 0.01 or 0.02 n hy- 
drochloric acid to neutralize the ammonia expected in the distillate, and 
4 or 5 drops of 0.1 per cent alcoholic methyl red, and enough water to 
bring the total volume to about 20 cc. Flask F is placed in position as 
shown in figure 72, and the apparatus is completely set up except for 
Flask A. The pinch-cock on tube B is then released and by means of 
suction enough concentrated sodium hydroxide is drawn into the tube 



Fig. 72. Apparatus for micro-Kjeldalil distillation, after Bock and Benedict (3). A 
micro-Kjeldahl flask; B, tube for introduction of alkali; C, safety bulb; D, deliveiy tube 
with safety bulb; E, 6-inch condenser; F, receiving flask containing acid and indicator. 


to neutralize the acid in the digestion mixture. The pinch-cock is then 
again closed so that the fluid is retained in tube B . (A long rubber tube 
with a glass connection must be interposed between the mouth and the 
rubber tube at the top of J?, when the latter is filled with alkali, to avoid 
drawing the alkali into the mouth.) 

Flask A, containing the digest diluted with 7 to 10 cc. of water and 



cooled, is put in place as shown in the figure. The pinch-cock on B 
is now' opened and the alkali is allow'ed rapidly to enter the flask, 
w'here it is immediately mLxed with the acid mixture by blowing into 
the rubber tube attached to B. The pinch-cock is then again closed 
and the flame from a micro-burner is applied to the flask. The flame 
must be well protected from draughts or air currents. The solution 
is boiled vigorousl}’ for tw’o minutes, or until it bumps. As soon as 
distillation is complete the pinch-cock is opened (this measure can also 
be resorted to if the fluid in F begins to suck back into the condenser 
earlier !, the flame is extinguished or removed, and the upper end of 
the condenser is disconnected. The condenser and tube D are then 
rinsed into the receiving flask with distilled water, and the acid is 
titrated with 0.01 or 0.02 x sodium hydroxide. 

Calculation is by the same formula given on page 525 for macro Kjeldahl 
analyses. 

The standard acid and alkali used may be 0.01, 0.02, or 1/70 n. The 
X 70 has the convenience that each cubic centimeter represents 0.2 mg. of 
nitrogen. The more dilute the alkali is the more difficult it is to keep it from 
changing its titration value. The latter increases quite rapidly from contact 
with glass. A satisfactory procedure is to use the 0.02 or 1/70 n solutions, 
measuring the acid with a calibrated Ostwald pipette, 3, 5, or 10 cc., accord- 
ing to the amount of nitrogen expected, and titrating with alkali from a 
Bang micro burette (fig. 1, p. 13), by whnch one can obtain an accuracy 
of 0.02 cc. 

The standard alkali, even if kept in paraffined bottles, must be checked by 
titration against the acid every few' days. It is also necessary at frequent 
intervals to run blank analyses on the reagents, because they can neither be 
obtained nor kept entirely free from ammonia. 

Fregl's (JO) steam distillation as modified by Walther F. Goebel {personal 

com7niinication) 

Pregl has shown that bumping can be prevented and distillation hastened 
by passing steam through the solution in the Kjeldahl flask during the pro- 
cedure. An apparatus for this purpose is shown in figure 73. The use of 
steam distillation makes the process so much more smooth, safe and certain, 
that it is well worth while to assemble the apparatus in figure 73 if any con- 
siderable nui|iber of analyses is anticipated. 

A PxTex 2-liter Erienmeyer flask a serves as a steam generator. An in- 
verted 200-cc. flask, 6, stops condensed W'ater from running into the Kjeldahl 
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ilask. The rubber connecting tube. c. should be boiled out with dilute alkali 
before it is used for the first time. A T-tube. d. connects the steam generator 
Cask with the Kjeldahl flask. To the upright arm is connected, by means of 
rubber tubing controlled v.'ith a pinch-cock, a 50-cc. burette containing con- 
centrated alkali. 



Fig. 73. Walther Goebel’s modification of Pregl’s (20) apparatus for micro Kjeldahl 
distillation. For details of use see text. 


Procedure 

With steam generator a disconnected from d the water in the gen- 
erator is heated to boiling (it is well to place a few bits of fresh porous 
plate in a to promote smooth boiling). The Kjeldahl flask is connected 
with the condenser and alkali burette as shown in the figure, but not 
yet with c. The necessary amount of alkali is admitted to the Kjeldahl 
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flask from the burette, whereupon connection with the steam generator 
through c and d is made immediately. The micro-burner is then placed 
under the Kjeldahl flask and the contents of the latter are boiled for 
three minutes. 

Titration is performed as described above for the Bock-Benedict 
distillation. 

DIRECT XESSLESIZATION. FOLIX .-VXD DEXIS (10) .-VXD WONG (25) 

Ammonia forms v/ith Xessier’s solution a \'eUow-red compound. If 
the ammonia e.vceeds a certain concentration the compound precipitates at 
once. But if conditions, particularly the dilution, are probably chosen 
Folin and Denis have shown that the colored compound remains in solution 
long enough to be determined colorimetrically. The error involved in the 
colorimetry can, in the experience of the authors, amount to 2 or 3 per cent. 
Consequently colorimetric determination is less accurate than distillation 
and titration when more than 1 mg. of nitrogen is determined. The colori- 
metric determination can, however, be performed with maximum accuracy 
when as little as 0.2 mg. of nitrogen is present. This is the case in the 
ddennination of non- protein nitrogen of blood, except in rare instances of 
gross nitrogen retention. In 1 :10 blood filtrates the 5 or 10-cc. portions 
convenient for micro analyses contain, in the case of normal blood, an aver- 
age of only about 0.17 and 0.34 mg. respectively of nitrogen. For such 
small amounts the colorimetric or gasometric methods are preferable to 
distillation and titration. 

Freparation of Xessler’s solution according to Koch and McMeekin {16) 

This reagent is made with precautions to avoid formation of mercurous 
salts. Koch and AIcMeekin state that it is an improvement over previous 
solutions in that it never separates a precipitate of dark green mercurous 
compounds and is less likely to cause turbidity when added to ammonia 
solutions. 

Dissolve 22.5 grams of iodine in 20 cc. of water containing 30 grams of potassium iodide. 
After the solution is complete add 30 grams of pure metallic mercury, and shake the mix- 
ture well, keeping it from becoming hot by immersing in tap water from time to time. 
Continue this until the supernatant liquid has lost all of the yellow color due to iodine. 
Decant the supernatant aqueous solution and test a portion by adding a few drops thereof 
to 1 cc. of a 1 per cent soluble starch solution. Unless the starch test for iodine is obtained 
the solution may contain mercurous compounds. If the test is negative add a few drops 
at a time an iodine solution of the same concentration as employed above, until a faint 
excess of free iodine can be detected by adding a few drops to 1 cc, of the starch solution. 
Dilute to 200 cc. and mix well. 
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To 975 cc. of an accurately prepared 10 per cent sodium hydroxide solution now add 
the entire solution of potassium mercuric iodide prepared above. Mix thoroughly and 
allow to clear by standing. 

This solution is to be used in the proportion of If) cc. per 100 cc. of nes- 
slerized solution. 

Xesskr's solution ivith extra alkali. One volume of the above Xessler’s 
solution is mixed v.’ith 2 volumes of 10 per cent XaOH. The extra alkali 
serves in this analysis to neutralize the sulfuric acid of the digest. 

Standard ammonia solution. A convenient standard solution, containing 
1 mg. of nitrogen in 10 cc. can be prepared by diluting 0.3821 gram of ammo- 
nium chloride or 0.472 gram of ammonium sulfate to 1000 cc. 

Procedure 

Digestion is carried out by Wong’s procedure (25) as described above 
in a 25 by 200 mm. tube marked at 35 and SO cc. The sample taken 
for analysis should contain preferably 0.2 to 0.3 mg. of nitrgoen. 

Nesslerization. When digestion is completed the digestion tube is 
allowed to cool for one to two minutes, then its contents are diluted with 
15 to 25 cc. of water. It is then cooled further, approximately to room 
temperature, and made up to 35 cc. with water. 

In a similar test tube marked to contain 35 and 50 cc. place a volume 
of the standard ammonia solution which will contain an amoimt of 
nitrogen comparable to that expected in the unknown; e.g., if 5 cc. 
of 1 :10 blood filtrate are analysed, one uses 2 cc. of the standard am- 
monia solution with 0.2 mg. of ammonia nitrogen. One cubic centi- 
meter of 50 per cent sulfuric acid from the same lot used in the diges- 
tion is added, and enough water to dilute to 35 cc. 

Now to both unknown and standard add 15 cc. of “Nessler’s solution 
with extra alkali,” using an ordinary bulb pipette of large aperture. 
Let the Nessler’s solution fall directly into the digest solution, without 
first touching the wall of the test tube. Close each tube with a clean 
rubber stopper, mix, and compare in a colorimeter. 

Calculatiofi 

A X “ = milligrams of nitrogen in sample analysed. 

5 and U represent the depths of layer of solution of standard and unknown 
read on the colorimeter scale, and *4 represents the number of milligrams of 
ammonia nitrogen in the standard. 
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In this, as in other micro-analyses, a blank analysis must be performed 
on the reagents, and the amount of nitrogen found subtracted from that cal- 
culated by the above formula. 

GASOMETRIC METHOD OF VAX SLYKE (23) 

An accurate gasometric technique for the micro Kjeldahl determination 
of from 0.2 to 1.5 mg. of nitrogen is described in the chapter on gasometric 
analysis, page 354. 

ANALYSIS OF ERIXE FOR TOTAL AXD XOX-PROTEIX NITROGEN BY THE MACRO 

KJELDAHL METHOD 

The method of choice for the determination of nitrogen in urine will de- 
pend upon: 1, whether the urine contains protein in significant quantites; 
2, whether in an albuminous urine it is desired to determine the total nitro- 
gen or only the non-protein nitrogen; 3, whether information concerning the 
quantity and character of the protein in albuminous urine is also desired. 

1. If the urine contains no albumin its total nitrogen can be determined by 
any one of the macro-procedures described in the preceding section. 

Usually 5 cc. of urine is used for an analysis. The ammonia is received in 
from 30 to 50 cc. of 0.1 x hydrochloric acid, and is titrated with 0.1 n sodium 
hydro.xide. 

If the urine is e.\tremely concentrated a smaller amount may be taken for 
analysis or the urine may be diluted to a specific gravity of about 1.020 
before a sample is taken. 

2. If the urine contains protein, hut knowledge of its total nitrogen content 
alone is desired the same quantities of urine and reagents are employed, 
but one of the digestion procedures which insures rapid digestion of protein 
is used. These are: Arnold- Gunning + 30 per cent hydrogen peroxide or 
Wong’s potassium persulfate method. 

3. If the urine contains protein, but knowledge of its non-protein nitrogen 
content alone is desired procedure 1 may be applied to a suitable aliquot 
of the protein-free filtrate of urine. The protein precipitants most fre- 
quently employed for the production of such protein-free filtrates are tri- 
chloroacetic acid and tungstic acid. 

Precipitation of urine protein with trichloracetic acid. 
Twenty-five cubic centimeters of urine in a large centrifuge tube or a 
small Erlenmeyer flask are mixed with an equal volume of 10 per cent 
trichloroacetic acid and stood in a boiling water bath long enough to bring 
the contents of the vessel almost to the temperatme of the bath. The 
liquid is then filtered through a dry filter or centrifuged. 
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After centrifuging if the supernatant liquid is not clear, add to the 
tube 0.5 to 1.0 gram of dry sodium chloride, stir up the precipitate, heat 
as before, and centrifuge again. 

If filtration is used instead of centrifuging, and the filtrate, after the 
first portions have been returned to the filter, is not clear, treat another 
25 cc. of urine with 25 cc. of trichloroacetic acid and 0.5 to 1.0 gram of 
dry sodium chloride, heat as before in the boiling water bath, and 
filter. 

Ten cubic centimeter portions of protein-free filtrate or supernatant 
liquid are analysed by the simple Axnold-Gunning method. 

Precipitation of urine protein with tungstic acid (27). To 5 
parts of urine add 1 part of 10 per cent sodium tungstate and 1 part of 
§ N suKuric acid. Mix thoroughly. Centrifuge the solution. If the 
supernatant liquid is not clear add a few more drops of j n sulfuric 
acid, stir up the precipitate again and recentrifuge. Use 5 cc. aliquots 
of the clear, protein-free, supernatant liquid for the determination of 
nitrogen by Precedure 1 above. 

4. // the urine contains protein and knowledge of both its non-proicin and its 
protein nitrogen content is desired. One of the special methods for the 
determination of urine proteins (see chapter on serum and urine proteins'i 
is used to determine the protein nitrogen. The non-protein nitrogen is 
determined by Procedure 3, above. 

TOTAL NITROGEN IN FECES 

Feces, collected in the usual manner over a given period (see chapter 
on treatment of biological material), must be preserved and treated in such 
a way that ammonia does not escape before analysis. All methods that 
involve dr^dng feces cause loss of ammonia. Hawk (15) advises preserving 
the stools with th}Tnol at ice-box temperature. The authors prefer collect- 
ing the feces in sulfuric acid as described on page 78. 

An amount of fecal matter containing about 20 to 30 mg. of nitrogen 
(an adult usually excretes about 1 gram of nitrogen daily in the feces) 
is weighed out and transferred to a Kjeldahl flask. It is digested by 
the Amold-Gunning -}- peroxide or Wong’s potassium persulfate tech- 
nique. Accoimt is taken of the sulfuric acid which has already been 
used as a preservative for the stools and correspondingly less is added 
with the digestion mix ture. The ammonia is distilled into 30 to 50 cc, 
of 0.1 N hydrochloric acid and titrated with 0.1 n hydroxide. 
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TOTAL NITROGEN IN BLOOD CELLS, TISSUES, BLOOD, SERUM AND OTHER 

BODY BLLTDS 

The total nitrogen of tissues, bloods, serum or tissue fluids can usually 
be determined by subjecting a suitable quantity of the material to the 
macro-Kieldahl procedure, using for digestion the Arnold-Gunning mixture 
-f peroxide (p. 519), or Wong’s persulfate technique (p. 519). 

Table 54 indicates the size of samples and strength of acid and alkali 
required for analysis of various biological materials. 


TABLE 54 

Size of Samples for Kjeldahl Analyses 


Blood cells 

Whole blood 

Serum or plasma 

Exudates and transudates 

Spinal fluid, protein-free edema fluid 
1 ; 10 blood filtrate 


APPEOXT- 
MATE 
CSUAI. 
COKCEN- 
TRATION’ OF 
KITBOGEN 

SUE OF 

sample to 
GIVE 20 TO 
30 ilG. N 
FOR UACEO- 
KJELOAHL 

SIZE OF 
SAMPLE TO 
GIVE 1 TO 
1.5 MG. N 
FOR DISTIL- 
L.ATION OR 
G.ASOMETRIC 
MICKO- 
KJELDAHL 

SIZE OF 

sample to 

GIVE 0.2 TO 
0.3 MG. N 
FOR direct 
NESSLERI- 
ZATION OR 
G.ASOMETRIC 
MICRO - 
KJELDAHL 

per cent 



srams or cc. 

5 

0.5 

0.025 

0.005 

3 

1.0 

0.05 

0.01 

1 

2 

0.1 

0.02 

0.5 

5 

0.2 

0.05 

0.05 

50 

2 

0.5 

0.004 


20 

5 


NON-PROTEIN NITROGEN IN BLOOD, SERUM OR BODY PLUIDS 

The term “non-protein nitrogen” of the blood in its strictest interpreta- 
tion includes all the nitrogen-containing substances of blood that are not 
proteins. However, it is commonly used to refer to the nitrogen containing 
substances that remain in the filtrate after the proteins have been precipi- 
tated. Urea, ammonia, uric acid, creatine, creatinine and amino acids, 
according to Wu (26) constitute nearly the entire non-protein nitrogen of 
plasma, but in the cells a considerable part of the non-protein nitrogenous 
substances are of unknown nature. Hence the determination has a less 
definite significance when performed, as usual, on whole blood, than when 
plasma is used. 

’When precipitants other than alcohol are used to remove proteins the 
nitrogenous lipoids are carried down with the protein coagulum. Lipoid 
nitrogen, therefore, does not form part of the fraction ordinarily determined 
as “non-protein.” A better name for the latter would be “non-colloid” or 
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"'crystalloid'’ nitrogen. The term non-protein nitrogen, commonly abbre- 
viated to n.p.n. has, hov.-ever, apparently become permanent. 

Many methods have been proposed for the Cjuantitative determination of 
the non-protein nitrogen, but all involve the same principles: first, the 
removal of the protein by some suitable precipitant; second, the analysis 
of the filtrate for nitrogen by some modification of the Kjeldahl method. 
Numerous protein precipitants have been used, cvith more or less satis- 
factory results, and most of them have been discarded because of certain 
unfavorable properties or inconveniences. The properties and peculiarities 
of the these precipitants have been considered under the general heading 
“Precipitation of proteins” on page 63. The tv/o precipitants that are now 
most generally employed in the determination of blood non-protein nitrogen 
are trichloracetic acid and tungstic acid. 

For non-protein nitrogen tungstic acid and trichloroacetic acid filtrates 
\deld practically identical results. The choice of precipitant depends 
largely on the other uses for which the filtrate is intended. Which of the two 
precipitants shall be used when only non-protein nitrogen is to be deter- 
mined is merely a matter of convenience. Trichloracetic acid has a slight 
advantage in this respect, because the reagent is simpler, cheaper to pre- 
pare, filters somewhat faster from the protein coagulum, and \delds a larger 
volume of filtrate. 
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CHAPTER XI 


Urea 

GENERAL PRINCIPLES OF ANALYTICAL METHODS 

Urea is capable of a number of reactions that have been used for its quan- 
titative estimation. Of these only two, precipitation with xanthydrol, and 
decomposition with the enz}'Tne, urease, into ammonia and carbon dioxide, 
give quantitative results with urea and entirely negative results with the 
other constituents of blood and urine. Hov.'ever, three less specific reactions, 
those with heat, h\-pobromite, and mercuric salts, have formerly enjoyed 
general use, and have pro\dded methods of analysis that are sufficiently close 
approximations to be still used for certain purposes. These procedures will 
accordingly be briefly considered in the following discussion. 

Urease 

Urease is an enz\*me which decomposes urea quantitatively into ammo- 
nium carbonate according to the reaction 

CO (XHo); -j- 2 HjO = CO 3 . 


For analytical purposes urea may be estimated by determining either the 
ammonia or the carbon dioxide formed by the above reaction. 

The enzxTne was discovered in soy beans by Takeuchi (42) but has been 
found to be several times as abundant in sword beans (4) and jack beans (33) . 

The mode of action of urease w^as first studied after Takeuchi by H. E. 
and E. F. Armstrong, Horton and Benjamin, (5, 6, 7) who showed that the 
action was retarded by alkalies or mineral acids, but was accelerated by the 
weak acids, hydrocyanic and carbonic (because of the buffer effect of their 
salts (48)). These authors and Takeuchi also demonstrated the extreme 
specificity of the enzme for urea: it attacked no other nitrogenous com- 
pounds, among many tested, not even one so closely related as monomethyl 
urea. It is this extreme specificity which makes it possible to use the en- 
zyme directly for quantitative urea estimation in so complex a mixture as 
blood. 

Marshall (32) showed that urease obeys the general enz}'mic law, that 
rate of action is proportional to enzxTue concentration; he developed the 
first methods for use of the enzyme in blood and urine analyses. 

Van Slyke and Cullen (45) by means of acetone precipitation of soy bean 
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extracts (the more active jack beans are now used) prepared the enzjmie in 
the form of a cky soluble powder which maintained its activity indefinitely. 
With this preparation Van Sh’ke and Cullen (47) and Zacharias (48) made a 
detailed study of the kinetics of the enz>Tne’s action. They showed that the 
rate of action is doubled by every 10° increase in temperature from 0° to 
55°, above which it begins to be destroyed; that the optimum pH is at 
approximately 7, although varying somewhat with conditions (e.g., the 
optimum pH increases with dilution of the urea, so that it is desirable to 
have the final pH for quantitative decomposition in the neighborhood of 8); 
that a given amount of enz}'me decomposes per minute a given amount of 
urea, regardless of the concentration of the latter, until it has been nearly all 
decomposed. Consequently most rapid completion of decomposition is 
obtained by using much enz\Tne and little urea. Van Slyke and Cullen (46) 
also studied the conditions for rapid aeration of ammonia from blood or 
urine into acid receiving solutions, and found among other things that the 
decrease in gas solubility caused by saturating the aerated solution with 
potassium carbonate greatly accelerated the evolution of ammonia. With 
data obtained Van Slyke and Cullen were able to reduce to a few minutes 
the time required for quantitative action of the enzyme in blood and urine 
analyses and for the aeration of the ammonia for titration, and to devise a 
simple method for standardizing the activity of urease preparations. 

Using the above data other authors have applied micro-methods for 
determination of the products of reaction, so that the determination can be 
made in small amounts of blood. Folin and Wu (16) introduced their nes- 
slerization technique, so that they could easily determine the urea in 0.5 
cc. of blood. Gad-Andresen (21), using 0.1 cc. of blood, aerated the am- 
monia formed into acid and determined it gasometrically in a special appara- 
tus by the hj^pobromite method. Hindmarsh and Priestly (24) have modi- 
fied Gad-Andresen’s method by making the ammonia determination with 
Folin’s Nessler solution. Feinblatt (14) and Karr (26) and others, have 
reduced to micro-dimensions a method of Grigaut and Guerin (22) in which 
the urease acts on the whole blood, which is then freed from proteins by 
trichloroacetic acid, the ammonia being determined by. direct nesslerization 
of the filtrate. We have found this method to yield results averaging 1 to 
3 mg. of urea nitrogen per 100 cc. higher than those obtained by aeration. 
Other constituents of blood filtrates apparently increase the intensity of 
color produced. The difference is sufficient to make the direct nesslerization 
imdesirable when the blood urea clearance (see below) is being determined, 
hut the method is accurate enough to indicate gross urea retention. 

Not only the ammonia, but also the carbon dioxide formed by the action 
of urease, has been used in urea determination. Partos (39) and Aszodi (8) 
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have determined urea in urine by treating the latter with urease in a closed 
dask connected with a manometer which registers the CO2 pressure devel- 
oped when the mixture is acidified. iSIirkin (35) first applied the princi[)le 
to blood by determining the CO2 content in two samples, one that had been 
diluted with 0.5 volume of water, the other with 0.5 volume of urease solu- 
tion, the difference indicating the CO2 formed from urea. Van Slyke (43) 
has recently developed rapid and accurate micro methods which are carried 
out in the manometric blood gas apparatus described in the present volume 
and \ield accurate results with as little as 0.2 cc. of blood. 

Behre (10) has reported results indicating that blood cells when treated 
with concentrated crude extracts of soy beans give off more ammonia than 
corresponds to the urea contents determined in the F olin-Wu blood filtrate. 
Addis (1) obtained a similar excess of ammonia when whole blood was 
treated with a great excess of jack bean urease at 38° for an hour. When 
liver was treated in the same way as blood the amount of ammonia formed 
exceeded many-fold the urea that could be extracted from the liver, .\ddis 
e.xplained these results as due to the arginase action of the liver which splits 
urea from arginine contained in the bean extract, this urea being then hy- 
drolyzed to XH3 and CO2 by the urease present. The cells of whole blood 
seem to contain slight amounts of arginase, to judge from the results of 
Addis and Behre. The serum contains none. 

These results obtained ndth great excesses of crude bean extract, might 
seem to indicate that although the urease method gives correct results w'hen 
the enzxTne acts on plasma or on blood filtrate, the xdelds are too high when 
it acts on whole blood. In fact, however, the urease method when applied 
as outlined in this volume, with only requisite amounts of enzxmie and with 
the digestion at room temperature, is exact also for whole blood, at least of 
man. Van Slyke (43) obtained the same results from whole blood and from 
the Folin-Wu filtrate, both by the gasometric determination of the CO2 
formed and by aeration and titration of the ammonia according to the 
technique of Van Slyke and Cullen (45, 46). 


Xanthydrol 

Fosse (19) showed that when added to urea in alcoholic acetic acid solution 
xanthydrol forms an exceedingly insoluble precipitate. 
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Two molecules of xantli 3 'drol combine with one of urea, so that the ureide 
weight is exactty seven-fold that of the urea. The precipitate is accordingly 
well adapted to gravimetric determination of small amounts of urea, 
Xanthj'drol combines with man\’' substances other than urea, but apparently 
none of them occurs in human blood or urine (19). A gravimetric method 
for blood has been developed by Fosse, Robyn and Franfois (18, 20) and a 
micro modification by Nicloux and Welter (37, 38). The latter could 
determine urea in 1 cc. of blood serum, but required a micro balance for the 
weighings. Auguste (9) determined the precipitate nephelometric ally, 
Luck (30) by titration with permanganate, and Yoshimatsu (51) colori- 
metricaliy, with the aid of Folin’s phenol reagent. Beattie (9a) dissolves 
the xanthydrol precipitate in 50 per cent sulfuric acid and determines color- 
imetricall}" the urea in the yellow solution. One cubic centimeter of Folin- 
Wu filtrate serves for this analysis. The xanthydrol precipitation appears 
to be quantitative and specific for urea under the conditions emploj^ed, but 
the greater convenience, especially for micro analyses, of the equally accu- 
rate urease methods, has apparently prevented its adoption in this countrjL 

Heat decomposition 

When heated to 150° to 200° in acid or alkaline solution urea decomposes, 
as when split by urease, into 2 molecules of ammonia and 1 of carbon 
dioxide. 


CO (x\H2)2 4- 2 HsO = (NH4)2 COs. 

Heat decomposition of urea was apparently the first property used for its 
quantitative determination, and was the one relied upon for exact results 
until the urease and xanthydrol methods appeared. Bunsen (13) heated 
with barium hydroxide in bomb tubes for four hours at 220° to 300° and 
determined the CO 2 formed from the amount of BaCOa precipitated. This 
method was used for blood anaWses in 1882 by von Schroeder (49) in his 
classic work on the locus of formation of urea from ammonia. 

More recent heating methods have used acid solutions, in which 150° 
suffices for the decomposition, and substances other than urea are less liable 
to decomposition. This temperature has been obtained either by use of an 
autoclave (11, 12) or by hygroscopic salts which melt in their water of crystal- 
lization without boiling at this point. Of the latter, magnesium chloride 
was introduced by F olin ( 15) , lithium chloride by Saint Martin (40) . Bene- 
dict (12) concentrated urine to dryness with a mixture of zinc sulfate and 
potassium bisulfate and heated for thirty minutes at 162° in a bath. The 
autoclave method decomposes appreciable amounts of urinary substances 
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Other than urea, but the salt fusion methods only negligible amounts. 
Benedict’s fusion was the best of the heating methods. All of them were 
abandoned, even by their originators, when the more convenient and specific 
urease method was developed. Later Folin and Wu (16), Clark and Col- 
lip (13-a) and Leiboff and Kahn (2S-a) used again the autoclave technique 
for Folin-\\u blood filtrates. The results are, as in urine, somewhat high, 
because of some ammonia formation from nitrogenous compounds other 
than urea, but Folin and Wu (16) state that the autoclave method rarely 
gives results e.vceeding the urease method by more than 1 mg. of urea nitro- 
gen per 100 cc. of blood. 

Gasometric Eypobromite Method 

The gasometric hj'pobromite method introduced by Knop (27) and Htif- 
ner (25) depends on measurement of the nitrogen gas formed by the reaction 
with alkaline hc-pobromite; 

CO (NHsls + S NaOH 3 Brj = 6 XaBr -}- .\a.CO 3 -h 6 HjO -{- Xj. 

The evolution of the nitrogen is completed in 1 or 2 minutes, so that the 
method is very rapid, and it requires no standard solutions. The reaction, 
however, under the conditions usually chosen for analysis does not jield 
quite 100 per cent of the nitrogen indicated by the equation, although Krogh 
(28) found that a gas ^deld approaching 100 per cent could be obtained when 
but a small concentration of bromine was used. To more or less balance 
the negative error due to less than theoretical nitrogen formation, there are 
positive errors due to the fact that nitrogen gas is evolved by other substan- 
ces than urea. Ammonia gives off about 95 per cent of its nitrogen, 
creatinine 14 per cent, uric acid and allantoin 50 per cent, creatine 67 per 
cent (41). The hc-pobromite method has, nevertheless, long been used by 
clinicians for urine analj^es because of the ease with which approximate re- 
sults could be obtained. 

Ambard (2, 3) and his school have applied the method to the protein-free 
filtrate of blood. One of the writers has found that it yields on the average 
about 2 mg. of nitrogen per 100 cc. of blood from non-urea substances (44). 
This error is sufficient to make the method undesirable for blood urea deter- 
minations when the latter are to be used to estimate accurately the ratio 
between blood urea and urea output by the kidneys, but does not invalidate 
the analysis for the pmpose of ascertaining whether there is a gross patho- 
logical retention in the blood. 

For urea determinations in urine Krogh (28) found that good results were 
yielded by the hj’pobromite method if the urine was first filtered after being 
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treated with phosphotungstic acid, which precipitates ammonia and most of 
the other interfering substances listed above. Stehle (41) reports that after 
removal of the ammonia by means of permutit the amounts of the other 
interfering substances are so small that the hypobromite method gives 
results accurately checking those by the urease method. Van Slyke (45) 
has confirmed Stehle, but has found that the accuracy of the results is ob- 
tained by a balancing of small errors. If two minutes are allowed for the 
evolution of nitrogen vidth a properly prepared hypobromite solution, the 
nitrogen ordinarily evolved from non-urea urinary constituents almost ex- 
actly counterbalances a deficit of about 4 per cent in the nitrogen evolved 
from urea. If a longer time is alloived for the reaction, gradually increasing 
amounts of nitrogen from the creatinine, etc., are evolved, and the results 
become too high. Even with a two-minute period, urine with unusually 
large proportions of non-urea nitrogen will yield results a little high, and 
vice versa. Nevertheless the hypobromite method used under properly 
chosen conditions, fields results sufficiently accurate for many of the pur- 
poses to which urine urea figures are applied. 

Besides measurement of the nitrogen gas, the hypobromite reaction could 
theoretically be measured by determination of (a) the CO 2 formed, (b) the 
bromine decrease, iodometrically, (c) the alkali decrease. The last men- 
tioned has been proposed by Margosches and Rose (31a), who obtained 
theoretical results with pure urea oxidized a few minutes at water bath 
temperature. 

Titration with mercuric salts 

Titration with mercuric salts was introduced by Liebig (29) . A complex 
salt is formed of approximately the composition, 2 [Hg (N 03 ) 2 ] [CO (NH 2 ) 2 ], 
which is insoluble in alkaline solution. If excess of urea is present, addition 
of a drop of the urea-mercuric salt solution to sodium carbonate solution pro- 
duces a white precipitate of the above mercury-urea salt. If an excess of 
of mercury is present, however, a brown precipitate of mercuric oxide is also 
formed. Liebig’s titration -was performed by adding standard mercuric 
nitrate solution to urine, until a drop of the mixture tested with sodium 
carbonate showed by a brown coloration that excess of mercury was present. 
It was foimd, however, that the combining power of mercuric salts for the 
urinary nitrogeneous products is so general that the titration measured prac- 
tically the total nitrogen. The mercury titration was therefore long ago 
abandoned. Nevertheless, it has recently been revived by Hench and 
Aldrich (23) who have found that the titration figure obtained in the saliva 
parallels the blood urea concentration sufficiently to reveal gross patho- 
logical increases in the latter. 
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UPJEASE PSEPAR-4TIOXS 

Preparation of perraanent sohwk urease powder and of urease solution. 

Van Slyke and Cullen {45, 46) 

One part of jack bean meal is digested with five parts of water at 
room temperature, with occasional stirring, for an hour. The solution 
is cleared by centrifugation or by filtration through paper pulp. To 1 
volume of this aqueous extract are added 10 volumes of acetone. The 
precipitate is filtered, dried in vacuo and pulverized. In the dry form 
the urease retains its strength indefinitely. Dry urease prepared by 
the above method can be obtained from E. R. Squibbs in New York. 

The preparation is used in 10 per cent aqueous solution. To prepare 
the solution only enough water is added to the powder at first to form a 
paste, which is well mixed before the rest of the water is added- The 
aqueous solution will ordinarily keep a week at room temperature with- 
out losing more than 10 per cent of its activity. As ammonia and COo 
may form, however, it is preferable to prepare a fresh solution the day 
it is used. Solutions of the enzyme more dilute than 10 per cent deterio- 
rate more rapidly and hence are not used. 

If the urease solution is to be used for gasomefric blood urea 
determinations it is well to clarify the solution by centrifugation. 
The blanks with clarified solutions are somewhat lower and more 
constant. 


Preparation of urease extract. Folin and Wu {16) 

Folin and Wu extract the urease from jack beans with 30 per cent alcohol 
and free the extract from ammonia by means of permutit. 

Wash 3 grams of permutit powder in a 200-cc. flask or bottle by de- 
cantation, once with 2 per cent acetic acid and twice with water. Add 
to the moist permutit 100 cc. of 30 per cent alcohol (35 cc. of 95 per 
cent alcohol mixed with 70 cc. of water). Introduce 5 grams of jack bean 
meal, shake for ten minutes and filter. The filtrate contains sub- 
stantially the whole of the urease present in the jack bean powder. 
Folin and Wu state that it will keep at least a week at ordinary room 
temperature if not e:^osed to direct sunlight and remains good for 
three to six weeks if kept on ice. Its urease content is weaker than 
that of the Van Slyke-Cullen 10 per cent urease solution and to use it 
for the Van Slyke-Cullen methods the time of digestion must be pro- 
longed. 
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Determination of activity of urease preparations: aeration procedure. Van 
Slyke and Cullen (43) 

Urease as supplied by the manufacturer varies somewhat in activity, 
and it is desirable to test fresh supplies in the following way: 

Reagent solution 


Dibasic potassium phosphate (IM|P 04 ) 0.25 mol. or 43 grams 

Diacid potassium phosphate CKfl 2 P 04 ) 0.25 mol. or 34 grams 

Urea 1-0 mol. or 60 grams 

Water to make 1000 cc. 


In place of the 43 grams of K2HPO4 one may use 90 grams of Na2HF04 • 12 
HoO or 35.5 grams of NaoHP04. In place of the KH2PO4 one may use 35 
grams of XaH2P04-H20. 

Procedure 

Place 5 cc. of this solution in the tube of the aeration apparatus 
(fig. 74) and bring to 20 °C. in a water bath. Add 1 cc. of enzyme solu- 
tion, also at 20 °C. and allow the mixture to stand at this temperature 
for exactly fifteen minutes. Add 6 or 7 grams of potassium carbonate 
or 6 cc. of saturated K 2 CO 3 solution, and aerate the ammonia formed 
into 30 cc. of 0.1 N acid in the manner described below for the deter- 
mination of urea in blood. The excess acid is titrated with 0.1 n alkali. 
The amount of 0.1 n ammonia from the urea decomposed should be, 
for use in the Van Slyke-Cullen method, at least 10 cc. This is equiva- 
lent to 30 mg. of urea decomposed in fifteen minutes by the 100 mg. 
of urease, or 1.2 mg. of urea per milligram of urease per hour. 

A gasometric measure for urease activity is described on page 377. 

Urea in Urine 
Choice of methods 

When urease is used to change the urea into ammonium carbonate, the 
the analyst may for technique of determination choose between three pro- 
cedures; 1, aerating the ammonia into standard acid for titration; 2, ab- 
sorbing the ammonia with permutit and liberating it with alkali solution for 
colorimetric determination by Nessler’s solution; 3, gasometric determina- 
tion of the CO2 of the ammonium carbonate. 

For use without urease w^e have described the heating procedure of Bene- 
dict, the gravimetric xanthydrol method of Fosse, and a gasometric hypo- 
hromite method, performed after removal of the preformed urinary ammonia 
with permutit. 



AERATIOX-TITRATIOX UREASE METHOD 


547 


Of the six methods, all are capable of better than 1 per cent accuracy ex- 
cept the colorimetric and h\-pobromite procedures, which suffer resjjectively 
the limitations of colorimetry and specificity. I'he colorimetry may in- 
volve errors of 2 to 3 per cent, and the error of the hypobroniite method, due 
to varcdng amounts of Xo formation from non-urea substances, may be as 
high as 4 per cent. 

In rapidity and in simplicity of reagents the hx-pobromute method excels; 
the only preliminary treatment is shaking the urine with permutit to remove 
performed ammonia, and the gasometric analyses can be carried out at the 
rate of one every four minutes. The gasometric urease method is almost as 
rapid. The urease methods based on ammonia determination are longer, 
because they involve isolation, either by aeration or by permutit absorption, 
of the ammonia before it can be determined. The heating method re- 
quires still more time, and, like the other ammonia miethods, demands 
either removal or separate determination of the preformed ammonia in the 
urine. 

Of the methods described, the three most desirable for exact routine work, 
according to the authors’ experience, are the gasometric urease method, the 
aeration urease method, and Benedict’s heating method, in the order given. 
The gasometric urease method combines speed and accuracy as do no others 
at present available. It is therefore the method of choice when a mano- 
metric apparatus is available. Equally accurate, but requiring more time 
and many more pieces of apparatus for a series of analyses, are the urease 
method with aeration and, still more time consuming, the Benedict heating 
method. 

As alternatives, the hypobromite method may be used when strict accur- 
acy is not required, and the colorimetric urease method has proved its value 
when facilities for the aeration or gasometric urease procedures were not 
available (50). The gra\*imetric method, requiring no special apparatus or 
standard solutions, may be convenient when only an occasional urine urea 
analysis is required. 

The two gasometric methods are described on pages 361 and 379 in 
chapter \TI. The other four procedures are detailed below. 

UREASE METHOD WITH AERATION AND TITRATION, EOR BOTH UREA AND 
AMMONLA.. VAN SLYKE AND CULLEN (45, 47) 

Reagents 

Ten per cent solution of urease. See p. 545. 

Phosphate buffer solution. 6 grams of acid potassium phosphate 
(KH2PO4) and 2 grams of anhydrous Na 2 HP 04 (or 5 grams of Xa 2 HP 04 - 12 
HoO) are dissolved in water and diluted to a liter. 
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0.02 N hydrochloric acid. 

0.02 -Y sodium hydroxide, kept in a paraffined bottle or prepared each week 
by dilution from 0.1 N solution. 



Fig. 74. Apparatus for the determination of urea by aeration of the ammonia formed 
by action of urease. Van Slyke and Cullen (47). 

Poiassnim carbonate, saturated solution. 900 grams of K 2 CO 3 dissolved in 
1 liter of water. 

Caprylic alcohol. 

Alizarin red or methyl red indicator. 

Apparatus 

The apparatus consists of Pyrex test tubes 25 by 200 mm. arranged in 
pairs, as are A and B of figure 74, and a means of suction or pressure to draw 
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or drive air through the tubes. An e.xtra tube containing 5 per cent sulfuric 
acid is inserted before the series to remove any traces of ammonia that might 
be present in the air. 


Procedure 

The urine sample taken is ordinarily 1 cc., but if the urine is un- 
usually concentrated 0.5 cc. is taken, and if unusually dilute, 2 cc. 
Place the sample in tube A (fig. 74), together with 5 cc. of the phosphate 
buffer solution, 2 drops of caprylic alcohol, and, just before closing the 
tube, add 1 cc. of the urease solution. Put the stopper in place, mix 
the solutions in the tube, and let the tube stand fifteen minutes for 
the urease to act. While the enz3mie is acting 25 cc. of 0.02 x HCl 
are measured into tube B, and the tubes are cormected as shown. 

After the fifteen m i nutes have passed run the air current for half a 
minute to sweep over into B any ammonia that has escaped from the 
urine into the gas space of tube A. Then open A and add either 4 to 
5 grams of solid KoCOs or about 10 cc. of the saturated solution. The 
air current is now passed, gently for the first minute, then as rapidly as 
may be without undue splashing or foaming. The aeration is com- 
plete in 15 minutes with a fairly rapid current (5 liters of air per minute) 
but requires more time with slower currents. The necessary time 
should be ascertained by trial with the current used, and a safe 
margin allowed. Several pairs of tubes connected in series can be 
aerated with one stream of air. 

When the aeration is finished the excess acid in .B is titrated with 0.02 
X’ sodium hydroxide. The titration indicates ammonia -f- urea. 

A blank analysis is performed on the reagents. The carbonate es- 
pecially is likely to contain traces of ammonia. 

Calculation 

0.28 Ui -Bi- C) 

Grams of urea -j- ammoma x per liter unne = 

.4i is the cubic centimeters of 0.02 x acid placed in the receiving tube, Bi, is 
the cubic centimeter of 0.02 x’' alkali required to titrate the excess acid after 
the aeration, C is the value of A ~ B, obtained in a blank analyses of the 
reagents and V represents the number of cubic centimeters of urine used 
as sample for the analysis. 

The ammonia, without the urea, is determined by simultaneous aera- 
tion of another pair of tubes. In the .4 tube are placed 5 cc. of urine 
and a drop of cupiydic alcohol, in the B tube 25 cc. of 0.02 N HCl. 
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K2CO3 is added to the A tube and the aeration is conducted as above 
directed. 

Grams of ammonia x per liter = 0.056 (An — B 2 — C). 

Where An represents the cubic centimeter of 0.02 n acid in the determination 
of ammonia alone, Bn the cubic centimeter of 0.02 n alkali used in the titra- 
tion, and C is the value of — B 2 obtained in a blank analysis of the 
reagents. 

Urea nitrogen is calculated by subtracting the ammonia nitrogen from 
the urea -|- ammonia nitrogen. 

The percentage of urea itself can be calculated by using 0.060 and 0.012 
in place of the factors 0.028 and 0.0056 in the above two formulas. 

Points to be noted in determimtion of ammonia by aeration (47) 

A slow current of air should be used during the first two minutes, as the 
ammonia may othervdse be driven off so rapidly at th.e start that a slight 
amount escapes absorption in the receiver. After the first two minutes one 
may use as rapid a current as the apparatus will stand. 

In order to drive off all the ammonia in an apparatus set up exactly as 
described above, 75 liters of air is sufficient (25 liters drives off 98 per cent). 
The length of time required to complete the aeration depends on the rate 
at which this volume of air is drawn. 

In order to assure complete absorption of ammonia with a current as 
rapid as 5 liters of air per minute the column of acid in the receiving tube 
must be at least 5 cm. high. The use of a wider receiver with less depth of 
acid is not permissible. 

In order to drive off all the ammonia wdth 75 liters of air, the solution from 
which it is driven must contain at least 1 gram of potassium carbonate for 
each 2 cc. of solution. 

The inlet tubes for air in A and B must reach to the bottom of the solu- 
tions. 

Standard alkali solutions increase in titratable alkali on standing in 
contact with glass, as they dissolve more alkali from it. The effect is most 
marked with dilute solutions, such as 0.02 n and 0.01 n NaOH. These 
should be kept in paraffin-lined bottles, and portions which stand more than 
a day in burettes should be discarded. 

Separate sets of tubes and stoppers must be employed as containers for 
the standard acid and for the urine-urease solutions, because after concen- 
trated alkali carbonate has been added to the latter it is difficult to wash oS 
with water all traces of the alkali. Enough may remain to affect the titra- 
tion of the 0.01 N acid if the same tube is subsequently used for this purpose. 
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Tubes which are used for nesslerization can not be safely cmplo>-ed for 
urea decomposition. The adherent trace of mercury salt may inactivate 
the urease. 

Xew rubber tubing before it is used for connections must be thoroughly 
washed with water or steam to remove the ‘•bloom,” which often contains 
ammonia. 

Any of the reagents, especiaih’ the carbonate, may contain a trace of 
ammonia. It is therefore necessary, from time to time, to run blank deter- 
minations on the reagents and to redetermine the correction indicated b}' C 
in the calculation formula above. This can be done by omitting the blood 
and subjecting reagents, including the urease solution, to the procedure of a 
regular analysis. 

WTien the aeration method is applied to blood an occasional sample is 
encountered with an unusual tendency to foam. This may evince itself 
only after the aeration has preceded for some time. Under these conditions 
the further addition of caprylic alcohol is usually ineffectual. In such a case 
2 or 3 cc. of ethyl alcohol are introduced b\' momentarily disconnecting the 
rubber tubing from the inlet tube of the digestion mixture and allowing the 
alcohol to be drawn in through the inlet tube. 

In the exceptional specimen of blood that contains more than enough urea 
to neutralize all the acid, additional acid added through the inlet of tube 
B (fig. 74) will save the analysis if the acid is introduced as soon as the 
indicator has changed color. 

WTien aeration is completed the vacuum pump, if of the water variety, 
should be disconnected from the tubes before it is shut oft, or water may 
suck back into the tubes. If more than four pairs of tubes are run in one 
series, disconnect the series in the middle before stopping the air current. 

COLORIMETRIC trRE.ASE METHOD WTTH PERMUTIT. WAKEM^VX .VXD 
MORRELL (50) 

Reagents 

Ten per cent urease solution, see page 545. 

Xesslcr’s solntion, see page 532. 

Standard ammonium sulfate solution containing 0.1 mg. of ammonia 
nitrogen per cubic centimeter, see page 533. 


Procedure 

Sufficient urine to contain about 2 mg. of urea nitrogen is measured 
into a 100-cc. Erlenmeyer flask and enough, water is added firom a 
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burette to dilute the urine to exactly 20 cc. Three grams of washed 
dust-free permutit powder are measured approximately by volume in 
a marked test tube or graduate and added to the urine. The mixture 
is shaken gently for five minutes to remove preformed ammonia. Of 
the clear supernatant solution 10 cc. are pipetted into a 250-volumetric 
flask. One cubic centimeter of 10 per cent urease solution is added, 
and the mixture is permitted to stand twenty minutes at room tem- 
perature . Then 3 grams of permutit are added and the mixture is shaken 
gently for five minutes to complete absorption of the newly formed 
ammonia. The powder is then washed by decantation with about 200 
cc. of water to remove urine products other than the ammonia on the 
permutit. None of the powder must be lost during the washing. After 
the latter is finished 10 cc. of water and 1 cc. of 10 per cent sodium 
hydroxide are added to the permutit powder in the flask, and the mix- 
tiue, after being shaken gently, is diluted with water to about 200 cc. 
Twenty cubic centimeters of Nessler’s reagent are then added, and the 
whole volume is made up to 250 cc. A standard is at the same time 
prepared in the same manner except that an equal quantity of water is 
substituted for the urine and an amount of standard ammonia solution 
containing 1 mg. of nitrogen is added after the volume of the solution 
has been brought to 200 cc. 

Standard and unknown are compared in the colorimeter. 


Calculation 


n S 
V~U 
2.14 n S 


- = grams of urea nitrogen per liter of urine. 
= grams of urea per liter of urine. 


V TJ 


WTiere S and U — colorimetric readings of standard and unknown respec- 
tively; T' = the volume of undiluted urine represented by the sample taken 
for analysis; and » the milligrams of nitrogen in the standard. 

If separate ammonia determinations are made on the urine the prelimi- 
nary removal of preformed ammonia in the above analysis can be omitted. 
The preformed ammonia is then determined with the ammonia formed from 
urea, and from the sum the separately determined ammonia nitrogen is 
subtracted. 

benedict’s heating method (12) 

Apparatus 

Two baths each consisting of an 800-cc. Pyrex or porcelain beaker 
partly filled with sulfuric acid are required. One is heated to 125° to 135°, 
the other to 162° to 165°. 
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Pyrex test tubes of about 100-cc. capacity'. 

The apparatus for macro Kjeldahl distillation described on page 520 in the 
nitrogen chapter. 

Reagents 

Zinc sulfate. 

Potassium bisulfate. 

Ten per cent sodium hydroxide solution. 

0.1 -V acid and alkali. 


Procedjire 

Five cubic centimeters of urine are introduced into a 100-cc. Pyrex 
test tube and approximately 3 grams of potassium bisulfate and 1 to 
2 grams of zinc sulfate are added. A bit of paraffin and a little pow- 
dered pumice are introduced to facilitate smooth boiling, and the mixture 
is boiled practically to dryness, either over a free flame, or more con- 
veniently by partial immersion in the bath at 125*^ to 135°. The tube 
is then placed in the bath at 162° to 165° (not lower) and left there for 
an hour. During this heating the tube must be immersed in the hot 
fluid for three-fourths of its length. At the end of the hour the tube 
is removed from the bath, the acid is washed off under the tap, a little 
distilled water is poured into the tube, and the contents are dissolved 
with the aid of heat and washed into a Kjeldahl distilling flask. A 
small amount of black pigment adhering to the sides of the test tube 
may be disregarded, as it encloses no ammonia salts. The fluid in the 
distillation flask is diluted to about 300 cc. and is rendered alkaline by 
the addition of 15 or 20 cc. of 10 per cent sodium hydroxide. Distilla- 
tion is then carried on for forty minutes, as described on page 522 for 
macro Kjeldahl analyses. 

Calculation 

The calculation of urea nitrogen is the same given for Kjeldahl nitrogen 
in page 525. If one desires to calculate urea instead of nitrogen, the factor 
30 is inserted in place of 14 in the calculation formula. 

GRAtTUETRIC X.4NTHYDROL METHOD OE FOSSE (18, 19) 

Reagents 

Ten per cent solution of xanthy dr ol in methyl alcohol. 

Methyl alcohol. 

Glacial acetic acid. 
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Procedure 

Urine, if of ordinary concentration, is diluted 10-fold with water. Of 
the solution 10 cc., containing 1 cc. of urine, are mixed with 35 cc. of 
glacial acetic acid. Five cubic centimeters of the xanthydrol solution 
are then added in 5 separate portions, 1 cc. every ten minutes. This 
manner of addition causes the precipitate of ureide to separate in 
crystals of a character suitable for filtration. The mixture is allowed 
to stand one hour, after the last cubic centimeter of xanthydrol reagent 
has been added, for precipitation to become complete. 

To collect the crystals a porcelain funnel is used in which is a perfo- 
rated plate 7 or 8 cm. in diameter. A slightly wider parchment filter 
paper is softened with water and fitted into this funnel, the edges of the 
paper being turned up about the walls of the fuimel. The precipitate 
is collected with suction on the paper, and is washed several times with 
methyl alcohol. The precipitate and filter paper are then dried in a 
steam oven or other warm place. 

The dry precipitate forms a felt-like mat which can be readily and 
quantitatively detached from the paper. It is picked up with a pair of 
pinchers and weighed directly on the balance pan. 


Calculation 


The weight of the precipitate divided by 7 gives the weight of urea. 


Grams of urea per liter urine 


Grams of precipitate 
X 1000 


= X ( Grams of precipitate). 

r . . . 66.7 

Grams of urea nitrogen per liter urine = -p- X (Grams of precipitate). 

V = cubic centimeters of urine represented in sample. (F = 1 ordinarily.) 
Urea in Blood 
Choice of methods 

Urease is the specific reagent par excellence', it can be used for urea deter- 
mination without even removing the blood proteins. Furthermore it has 
the advantage that it acts at room temperature and quickly, in 1 minute in 
fact under the conditions of the gasometric determination. We have 
accordingly given most space to methods which utilize this enzyme. Two 



CHOICE OF METHODS 


555 


urease methods, the aeration-titration procedure, and the gasometric, are 
applied directly to whole blood or serum, without removal of the proteins. 
For use on the Folin-\\ u filtrate, where the dilutions are too great for accu- 
rate titration, the gasometric urease method also applies, and two colori- 
metric urease procedures are given, Folin and Wu’s in which the ammonia 
formed is distilled, and Wakeman and AIorrelFs, in which the ammonia 
is separated by absorption with permutit from the urease and other fil- 
trate constituents before nesslerization. 

In accuracy among the above procedures the aeration-titration and gaso- 
metric are regarded by the authors as somewhat superior to the colorimetric. 
Both titrimetric and gasometric urease procedures are capable of precision 
within 1 per cent, while nesslerization and colorimetry are likely to involve 
errors of 2 or 3 per cent. 

In quantity of blood the aeration-titration method is limited to conditions 
permitting use of 3-cc. samples. The colorimetric procedures each require 
only the filtrate from 0.5 cc. of blood. The gasometric can be carried out 
on as little as 0.2 cc. of whole blood. 

Since urease may not always be available we have given three methods 
based on other principles: the gasometric hj’pobromite reaction with 
the blood gas apparatus, the heating and nesslerization method, and the 
Beattie colorimetric xanthydrol procedure. The first two require each the 
filtrate from 0.5 cc. of blood; the last only that from 0.1 cc. The h\q3o- 
bromite procedure gives results with a positive error -which averages 
about -i-2 mg. of nitrogen per 100 cc., because of the reaction of the hjpo- 
bromite with other substances in blood nitrate. As stated by Folin and Wu 
(16) the heating method gives re.sults usually a little high, but seldom by 
more than 1 mg. of nitrogen per 100 cc. The writers have not tested Beat- 
tie’s method, but it is simple, and the originator’s data indicate that it checks 
the urease method -within the limit of the colorimetric error, about 1 mg. of 
urea nitrogen per 100 cc. of blood. 

For rapidity the premier method among those described is the gasometric 
h\*pobromite procedure carried out in Folin-Wu filtrate with the manometric 
apparatus; this requires but three minutes. It is, however, also the least 
exact method. It suflfices well when the only question is whether the blood 
urea exceeds the maximum normal range or not. For this a constant plus 
error of 2 mg. urea nitrogen per 100 cc. is not prohibitive. Onh' slightly 
less rapid, ho-wever, is the exact gasometric-urease method performed 
on the FoHn-Wu filtrate. This is the procedure no-w employed for several 
years for routine work in the authors’ laboratories. 

The other methods, which required heating, aeration, distillation, treat- 



556 


UREA IX BLOOD 


ment with permutit, or filtration of the xanthydrol ureide before the final 
measurements, are not so rapid, but all permit a large number of determina- 
tions to be performed in a half-day’s work. Of these, the writers prefer the 
aeration-titration procedure. 

The gasometric urease and hypobromite methods are described on pages 
361 to 379 in chapter \TI. The other methods follow below. 

LTiEASE METHOD OT VAN SLYKE AND CULLEN (45, 47) APPLIED DIRECTLY 
TO WHOLE BLOOD OR PLASMA, WTTH AERATION AND TITRATION 
OF THE AMMONTA FORMED 

The same apparatus employed for the aeration-urease method with urine 
(fig. 74) is used for blood. The same reagents are also used, except that for 
blood 0.01 N instead of 0.02 n alkali and acid are used in the titration. 

Procedure 

The procedure is the same as for urine (p. 547) except in the following 
details. 

The sample of blood is 3 cc., and it is mixed in tube A (fig. 74) with 
3 cc. of the phosphate solution, 5 drops of caprylic alcohol, and 1 cc. of 
urease solution. Only five minutes need be allowed for completion 
of the reaction, although fifteen minutes standing with the urease does 
no harm. Unnecessarily prolonged contact between blood and enzyme 
is to be avoided, because of the possibility of slow formation of ammonia 
by action of arginase in the blood cells on arginine in the enzyme pre- 
paration. (1, 10.) 

The amoxmt of 0.01 n HCl measured into tube B (fig. 74) is 15 cc. 
Only very rare bloods from tuemic subjects require more. 

The rest of the determination is carried out exactly as the urine 
analysis. 

Calculation 

10 (-4 — 5 — C) =! milligrams of urea per 100 cc. of blood. 

4.66 (-4 — 5 — C) = milligrams of urea nitrogen per 100 cc. of blood. 

0.0466 (A — B — C) = grams of urea nitrogen per liter of blood. 

.4 signifies the cubic centimeters of 0.01 N acid, usually 15, placed in the 
receiving tube, B, the cubic centimeters of 0.01 n alkali used in the titration, 
and C the value of .4 — .B found in a blank determination on the reagents. 

The “Points to be noted in determination of ammonia by aeration” on 
page 550 are to be observed. 
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UREASE METHOD OF FOLIN AXD \VU (16) APPLIED TO BLOOD FILTRATE, MTTII 
AERATION OR DISTILLATION, AND NESSLERIZATION 

Reagents 

Urease solution, see page 545. 

Kessler's solution, see page 532. 

Phosphate buffer solution, 0.5 molecular XasHPOj, prepared as described 
on page 368. 

Standard ammonia solution, 0.1 mg. ammonia X per cubic centimeter, see 
page 533. 

Procedure 

Five cubic centimeters of tungstic acid blood filtrate (see p. 65) are 
placed in tube A (fig. 74), as above described, with 0.2 cc. of 10 per cent 
Van Slyke-CuUen jack bean urease solution or 1 cc. of Folin-Wu jack 
bean extract and 0.15 cc. of phosphate buffer solution. The digestion 
and aeration are carried out as described above. The receiving tube 
B, however, is marked in this case at the point mdicating 25 cc. At the 
end of the aeration the 15 cc. of acid receiving solution are diluted to 
20 cc. and 2.5 cc. of Nessler’s solution are added. The tube is filled 
to the 25 cc. mark with water, and the solution is compared in a color- 
imeter with a standard prepared by diluting ammonium chloride or 
sulfate solution containing 0.3 mg. of nitrogen to 80 cc., adding 10 cc. 
of Nessler’s solution and making up to 100 cc. with water. “Octyl alcohol 
should not be used: it causes turbidity in the Nessler’s solution.” 

If preferred the ammonia may be distilled instead of aerated into 
acid. To prevent bumping two glass beads or clay pebbles or, most 
efBcient of all, a small piece of broken porous clay plate, is added. 
The solution is rendered alkaline with 2 cc. of saturated borax solution 
and distilled as described for micro-Kjeldahl determinations. 

Calcidation 

The standard in the colorimeter should be set at 20 mm. 

= grams of urea nitrogen per liter of blood. 


15 5 


= milligrams of urea nitrogen per 100 cc. blood. 


= milligrams of urea per 100 cc. blood. 


where S and U are the readings of standard and unknown respectively. 
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UREASE DECOMPOSITION OF WHOLE BLOOD FOLLOWED BY NESSLERIZATION 
OF SOMOGYI BLOOD FILTRATE. VAN SLYKE AND PLAZIN 
(unpublished) 

The whole blood or plasma is treated ivith urease. The proteins are then 
precipitated by Somogyi’s zinc method, and the filtrate is nesslerized. 

As mentioned on page 540, numerous colorimetric blood urea methods 
have been proposed in which urease is permitted to act on the blood, the 
proteins are then precipitated, and the blood filtrate is nesslerized. With 
the protein precipitants previously used, such methods give somewhat high 
results, because the blood filtrates contain substances, other than urea or 
ammonia, which give a significant color with Nessler’s reagent. When 
Somogyi’s zinc method (page 481) is used to remove the blood proteins, 
however, a filtrate is obtained which remains quite colorless when Nessler’s 
reagent is added. W’hen the blood is previously treated with urease the am- 
monia nitrogen found in the filtrate by nesslerization equals, within the 
limits of colorimetric determination, the urea nitrogen found by titration 
or gasometric urease methods. 

Reagents 

Ten per cent urease solution (see page 545). 

Zinc sulfate and sodium hydroxide for the Somogyi precipitation (see page 
481). 

Nessler’s solution (see page 532). 

Standard ammonium sulfate solution containing 0.015 mg. of ammonia 
nitrogen per cubic centimeter. Fifteen cubic centimeters of the standard 
solution described on page 533 are diluted to 100 cc. with ammonia-free 
water. 

Procedure 

The blood sample is mixed with one-tenth its volume of 10 per cent 
urease solution, and is permitted to stand thirty minutes at room 
temperature. The proteins are then precipitated by Somogyi’s method, 
as described on page 481, to obtain a 1 ; 10 filtrate. 

To 5 or to 10 cc. of the standard, according to the volume required 
for the colorimeter, add 0.5 or 1 cc., respectively, of Kessler’s solution. 
Then similarly nesslerize 5 or 10 cc. of the blood filtrate. Compare 
the two solutions at once in a colorimeter. K the nesslerized blood 
filtrate stands, it is likely in a few minutes to develop a turbidity. 

If the blood urea is high, so that the nesslerized filtrate is much 
darker than the standard, the reading is. nevertheless taken in the 
colorimeter. From this reading one calculates approximately how 
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many times more concentrated the ammonia is in the filtrate than in 
the standard. Another portion of the filtrate is then diluted 2, 3, 5, or 
10-fold, to bring it to approximately the ammonia content of the stand- 
ard. The diluted filtrate is then nesslerked and compared with the 
standard. 


Calculation 


0.15 _S 
DC 


grams of urea nitrogen per liter of blood. 


155 

DU 


milligrams of urea nitrogen per 100 cc. of blood. 


— ^ = milligrams of urea per 100 cc. of blood. 

DU 

S and U represent readings of standard and unknown respectively. 
D is the number of times the blood filtrate is diluted, in analyses where high 
blood urea necessitates dilution. 


ACID-HEAT DECOMPOSITIOX AX’D XESSLERIZATIOX OF FOLIX-WT FILTR.\TE. 

FOLIX -AXD WU (16); LEIBOFF AXD K.AHX (2Sa) 

In both these methods the procedure introduced by Benedict and Gephart 
(11) is used, of heating the acidified urea solution to 150° for ten minutes to 
hydrolyze the urea to ammonia. Folin and Wu do the superheating in an 
autoclave, while Leibofi and Kahn have decised special pressure tubes of 
glass which make an autoclave unnecessary*. Folin and Wu ((16), p. 91 j 
state that they abandoned attempts at direct nesslerization of the hydro- 
lyzed blood filtrate, because ‘‘Very small amounts of ammonia cannot be 
nesslerized in the presence of either amino acids or peptones.” They conse- 
quently boiled off the ammonia and nesslerized the distillate. Leiboff and 
Kahn, however, disregard interfering substances and nessierize directly in 
the hydrolyzed blood filtrate. They present figures showing by this pro- 
cedure results usually higher than by the urease method, performed with 
distillation; but the difference seldom was as great as 1 mg. of urea nitrogen 
per 100 cc. of blood. It is possible that their apparent immunity from the 
trouble experienced by Folin and Wu in attempting direct nesslerization 
of the hvdrolvzed blood filtrate is due to the use by* Leiboff and Kahn of the 
modified Xessler reagent of Koch and McMeekin, w*hich these authors have 
claimed to be somewhat less liable than the original reagent used by* F olin and 
Wu to interference from non-ammonia substances. The difference, if any, 
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between results obtained by nesselerization of the hydrolyzed blood filtrate 
and nesslerization of the distillate is a point which the writers have not had 
opportunit}' to determine. 

Atdoclave hydrolysis. Folin and Wu (16) 

Five cubic centimeters of Folin-Wu filtrate (p. 65) are placed in a 
75-cc. test tube of Pyrex glass. One cubic centimeter of 1 n sulfuric 
acid is added. The mouth of the tube is covered with tin foil, and the 
tube is heated in an autoclave at 150“ (inside autoclave temperature) 
for ten minutes. 



Fig. 75. Apparatus of Leiboff and Kahn (28a) for hydrolysis of urea by heating to 150° 
in pressure tubes. The heating is done in an oil bath, d. This bath consists of a metal 
container capable of holding six tubes, thus allowing simultaneous determinations. In 
the container is placed a removable metal rack, the center of which holds a 200° ther- 
mometer inclosed in a metal jacket to prevent breakage. To the upper part of the 
thermometer jacket is attached a circular disc, b; with sis grooves into which the external 
ends of the stoppers slip, thus holding the pressure tubes suspended in the oil. The edges 
around the grooves are slightly turned upwards in order to prevent the tubes from falling 
off. This apparatus can be obtained from Eimer and Amend, New York. 

Pressure tube hydrolysis. Leiboff and Kahn (28a) 

The same mixture is placed in one of the pressure tubes shown in 
figure 75. Close the tube by pulling the stopper upwards into position 
and turning it slightly to make it fit snugly. Place the rack holding the 
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tube in the oil bath in such a way that the surface of the solution in the 
tube is somewhat below the level of the surface of the oil. 

With a Bimsen burner raise the temperature of the oil to 150“ and 
keep it there for ten minutes. A variation of a few degrees is not 
important. 

Any oil with a flash point sufficiently above 150° serves for the bath. 
Leiboff and Kahn recommend the petroleum oil preparation sold as 
“Nujol.” 


Distillation of the ammonia 

The ammonia my be distilled, either from the hydrolysis tube or 
from another tube or micro Kjeldahl flask, by either of the techniques 
shown for micro Kjeldahl determinations in the chapter on nitrogen 
(pp. 529 and 531). In this case, however, instead of adding concen- 
trated NaOH as the alkali to set the ammonia free, saturated borax 
solution is added. Sodium hydroxide would split off ammonia from 
non-urea nitrogenous constitutents in blood. Borax is sufficiently al- 
kaline to free ammonia quantitatively, but is not alkaline enough to 
decompose other nitrogenous substances present. 

The distillate is caught in a test tube or flask which contains 2 cc. 
of 0.1 N acid and is marked to contain 25 cc. of fluid. 

N esslerhation 

In this analysis the amount of urea in normal blood uelds only enough 
ammonia to neutralize 0.5 to 1.0 cc. of n ' 70 acid, Collipand Clark (13a) 
prefer even with such small amounts to titrate the ammonia, which they dis- 
til "with stream as described on page 531. IMost workers would probable 
prefer to nesslerize such small amounts. 

Either in the distillate or in the tube where the hydrolysis has oc- 
curred the solution is diluted to approximately 20 cc. with water, and 
3 cc. of Koch and McMeekin’s Nessler solution (p. 532) are added. 
Water is then added to the 25-cc. mark, and the solution is nnxed and 
prepared with a standard solution in a colorimeter. 

Caladation 

The preparation of the standard and the calculation are the same as de- 
scribed above for Wakeman and Morrell’s method. (The sample of Folin- 
Wu filtrate there used is twice as great as here, but it is also there diluted 
twice as much for nesslerization, so that the same calculation formula 
serves in the present method.) 
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XANTUYDROL COLORIMETRIC METHOD OF BEATTIE (9a) 

The method is based on the gravimetric method of Fosse, Robyn and 
Franfois (20) in which urea is precipitated as dkanthylurea from deprotein- 
ised blood-serum b}' the addition of an alcoholic solution of xanthydrol. 
Fosse’s method has beeen carried out on a micro-sale by Nicloux and Welter 
(37), and was found to give reliable results for quantities of urea as small as 

0.05 mg. 

In the following method the dixanthylurea precipitate is prepared 
according to Xicloux and Welter, but, instead of being weighed, it is 
dissoh'ed in sulfuric acid (50 per cent by volume) in which xanthydrol and 
its compounds dissolve, producing an intense yellow color. This color 
reaction is of an intensity which makes it possible to detect differences 
of 0.14 mg. of dixanthylurea, equivalent in the analysis to 1 mg. of urea 
nitrogen per 100 cc. of blood. 


Reagents 

Xanthydrol. Five per cent solution in methyl alcohol. 

Glacial acetic acid. 

Stdfiiric acid. Fifty per cent by volume. One volume of concentrated 
sulfuric acid added to 1 volume of water. 

Standard dixanthylurea solution. 

1 . Dilute 4 cc. of a 0.01 per cent urea solution to 10 cc. with water. Treat 
1 cc. of this solution in the same way described below for the treatment of 1 
cc. of Folin-Wu blood filtrate, obtaining 10 cc. of a solution in 50 per cent 
sulfuric acid which contains 0.04 mg, of urea. This standard serves if one 
desires to calculate the results in terms of milligrams of urea per 100 cc. of 
blood. 

2. If the results are to be calculated in terms of urea nitrogen, one meas- 
ures from a burette into a 10 cc. flask 4.29 cc. of the 0.01 per cent urea solu- 
tion, dilutes to the mark, and prepares the standard with 1 cc. of this solu- 
tion. The resultant 10 cc. of dixanthylurea contains 0.02 mg. of urea 
nitrogen. 


Procedure 

0.5 to 1.0 cc. of blood is deproteinised by the method of Folin-Wu 
(p. 65). 

Place 1 cc. of the filtrate (= 0.1 cc. blood) in a centrifuge tube. 
Add 1 cc. of glacial acetic acid, and 0.2 cc. of a solution of 5 per cent 
xanthydrol in methyl alcohol. 

Allow this to stand for five minutes. Then stir it with a glass rod, 
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and rUow it to settle again for half to one hour, or centrifuge for twenty 
to thirty minutes. 

(When the quantity of urea is small, 20 mg. per 100 cc. of blood or 
less, the longer time is necessary to ensure complete precipitation.) 

Filter off the precipitate by suction through a small Gooch crucible 
packed with asbestos. 

Wash alternately three times with 2 cc. portions of methyl alcohol and 
distilled water, preferably saturated with dixanthylurea. 

During the washing with methyl alcohol detach the pump until the 
methyl alcohol has almost drained through, to allow complete solution of 
the excess xanthydroL 

Test the third methyl alcohol washing with 50 per cent sulfuric acid. 
If no yellow color appears, the washing is complete. 

Wash out the flask and place a small receiving tube inside to catch 
the succeeding filtrate. Pour about 5 cc. of 50 per cent sulfuric acid 
into the crucible. 

When the precipitate is dissolved, attach the pump, and draw the 
yellow solution into the receiving tube. Wash with a further 4 cc. of 
sulfuric acid. Remove the tube and make up to 10 cc. in a graduated 
test tube. Compare in a colorimeter with a standard solution. 

The precipitate can be filtered, washed, and dissolved in sulfuric 
acid in about ten minutes. 

In case the xinknown solution is much stronger than the standard, 
the unknown can be diluted with measured volumes of 50 per cent sul- 
furic acid. 


Calculation 

If the reading has been made with standard 1 in order to obtain the result 
in terms of urea, the calculation is: 

S 

Milligrams of urea per lOO cc. blood = 40 X 

If the reading is obtained w'ith standard 2 in order to obtain the result in 
terms of urea nitrogen, the calculation is: 


Milligrams of urea nitrogen per 100 cc, blood = 20 X p. 


S is the reading of the standard and V of the unknown in the colorimeter. 
If the unknow'n has been diluted to more than 10 cc. the results obtained by 
the above formulas are multiplied by V/10, where V is the volume in cubic 
centimeters to which the unknown is diluted. 
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THE BLOOD UREA CLEARANCE (34, 36) 

For a discussion of the significance of the standard and maximum urea 
clearances as a measure of renal function, the reader is referred to the 
urea chapter of \*olume I. 

The foUov.-ing procedure for the blood urea clearance is taken from the 
description of :Mdller, McIntosh and Van Slyke (36). 

The necessary data are the concentrations of urea in blood and urine and 
the volume of urine excreted in a measured time. The manner in which 
these three values are secured may be varied to suit conditions. As a rou- 
tine procedure, however, the following are satisfactory: 

The subject is not submitted to any previous routine, except that vigorous 
exercise is avoided and the previous meal should be a moderate one, prefer- 
ably without coffee, which may increase the blood urea clearance. The 
most desirable time of day, when excretion is least liable to fluctuations, is 
found according to IMacKay (31) in the hours between breakfast and lunch. 
It is well to give a glass of water before beginning the test. The subject re- 
mains quiet while the urine is collected during two succeeding periods of 
about one hour each. The length of the period, over or under one hour, is 
not essential, so long as it is e.xactly measured and the urine output per 
minute can be calculated. The chief source of error is probably the possi- 
bility of incomplete emptying of tlie bladder, either at the beginning or end 
of a period. The collection of tw'o urine specimens affords a check on this 
factor, A few minutes before the end of the first hour a blood sample is 
drawn. Its urea content is used for calculation of the clearances during 
both periods. This usage is permissible, because under the conditions of 
the test the blood urea does not change greatly during an hour.^ 

If the urine exceeds 2 cc. per minute, as observed in an adult, or as cor- 
rected for body size (see beloTv) in a child, the maximum clearance is 
calculated 


where V = urea concentration in urine, B = urea concentration in blood 
and r = urine volume in cubic centimeters per minute. It does not matter 
in what terms the urea concentrations U and B are expressed, so long as the 
same unit is used for both blood and urine, e.g., if blood urea is expressed in 
mg. per 100 cc., urine urea must, for this calculation, be also expressed in 

^ In the appendix is described a simplified method for determining the clearance by 
colorimetric comparison of blood against urine. 
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mg. per 100 cc. V must ahvays be expressed in terms uf cubic centimeters 
of urine per minute. 

If the urine voliane thus obscrscd or corrected is less than 1 cc, per ^ninute, 
ike standard clearance is calciilatcl. 


C, 


r \ 'i 


It is advantageous as a rule to calculate both clearances in percentages 
of the mean normal G and C^... Urea excretions observed v/ith ordinary 
urine volumes and calculated in terms of C are thus rendered directly 
comparable with excretions observed v.’ith large urine volumes and hence 
calculated in terms of Cr.. Furthermore, the percentage values thus calcu- 
lated express directly percentages of average normal renal eiiiciency. 

The percentage of average normal CW is obtained by dividing the absolute 
Cm value by the mean normal Cm, 75, and multiplying by 100. Similarly the 
percentage of average normal C is obtained by dividing the absolute C by 
54 and multiplying by 100. 

r, r ^ 100 tr r , U r 

Per cent of average normal Cm — = l.o.) 

To B 


Per cent of average normal Cs 


100 r vV V \ ' 1 

= l.oo 

54 B 


Graphic calculation of Cm and Cs by charts of figure 76 and figure 77. Both 
the absolute and percentage Cm and Cs values are mostly readily calculated 
graphically by means of a slide rule or by means of the line charts in figure 
76 and figure 77 respectivelv. WTien the charts are used it is necessarv to 

U . . . ' 

calculate by arithmetic only the value of the quotient “ , I being estimated 

in cubic centimeters of urine per minute, corrected for body size as outlined 
below if the subject is a child. A thread stretched taut across figure 76 or 

figure 77 intersecting the observed values of “ and T” on the outer scales then 

crosses the inner scale at a point indicating both the absolute clearance and 
the percentage of normal. 
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Fig. 76. Line chart for calculation of standard blood urea clearance values. Connect 
observed U 'B and V values by a straight line. Where the line cuts the inner scale read 
C, value or per cent of average normal renal function. For subjects differing markedly 
from usual adult size, a correction is introduced by multiplying the observed V by the 
1.73 , , . 

factor r — and using the V value thus corrected for the calculation 
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Arithmetical calculation of Cs- For arithmetical calculation of the stand- 
ard clearance the following values of the square root of V are given cover- 
ing the range below the augmentation limit; 


V 

\ r 


T' 

vV 

Cc. per JKiKUie j 


! 

CC. per minute 



0.2 i 

0.45 

ii 1-2 

1.10 


0.3 

0.55 

i 

1.3 

1.14 


0.4 . 

0.63 

1 

1.4 

1.18 


0.5 

0.71 


1.5 

1.23 


0.6 i 

0.78 


1.6 

1.27 


0.7 i 

0.S4 


1.7 

1.30 


. 0.8 i 

0.89 


1.8 

1.38 


0.9 ' 

0.95 


1.9 

1.38 


1.0 : 

1.00 


2.0 

1.42 



1.05 


2.1 

1.45 



Example of calculation of a normal jnaximum clearance 

Blood urea X = 15.6 mgm. per lOO cc. == B 


Urine urea x = 321.0 mgm. per 100 cc. = U 


Urine volume = 210 cc. per hour == 3.S cc. per minute *= T'’ 


Cr,. 


U r 321 X 3.5 
B 15.6 


72 cc. of blood cleared of urea per minute. 


Per cent of average normal function — 1.33 X 72 = 96 per cent. 

Example of calcidatiofi of a normal standard clearance 
Blood urea x == 14.7 mgm. per 100 cc. = B 

Urine urea x = 750 mgm. per 100 cc. = U 

Urine volume == 50 cc. per hour = 0.83 cc. per minute = V 


C, 


V V V 750 X 0.91 
B 14.7 


46 cc. of blood cleared of urea per minute. 


Per cent of av'erage normal function = 1.85 X 46 = 85 per cent. 

Correction for body size is required in the case of children. McIntosh, 
ISIoller and Van Slyke (34) found that such correction was best made by 
multiphing the value of V in either the C* or the Cm calculation by the factor 


1.73 

body area in sq. meters’ 




Fig. 78. Line chart for calculating correction for body size, and for estimating weight 
ideal for subject’s height and age. The value of is read off opposite the height of the 

subject in meters, on the scale for subjects of his age, or of 25 if he is mature. A horizontal 
line from the same point to the weight scale on either side cuts the latter at a point indi- 


cating the ideal weight of the subject. The ideal weight is not used in calculation of the 


clearance corrections, but we have added the “ideal weight” scales to figure 78 because 


we found them of convenience for comparison with the observed weights of edematous, 


obese or emaciated patients. 
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I. 73 being the mean body area for adults. By means of figure 78 the correc- 

1 73 

tion factor is determined graphically from the height of the subject. 

The observed value of I' in cubic centimeters per minute is then multiplied 

1 ^3 

by-^. With the corrected value of V so obtained one proceeds with the 

*4 

calculation of C,, or G according to one of the procedures outlined above. 
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CmPTER XII 


Urinary Ammonia 
DISCUSSION' OF FRIN'CIPLES 

The concentration of ammonia in the blood is so slight and so constant 
that its determination is of no importance for clinical purposes. The reader 
is, therefore, referred for blood ammonia methods to the original sources, 
’.vhich have been revdewed by Xash and Benedict (S) and are discussed in 
the chapter on anunonia of volume I. 

Determination of ammonia in urine has, in all methods that have become 
general, consisted of two steps, 1, removal of the ammonia from the urine 
and, 2, determination of the isolated ammonia. 

Remoi’til of ammoniot from urine 

Methods for accurate determination of ammonia in urine represent his- 
torically a succession of procedures for separating the ammonia from the 
urine without forming additional amounts by decomposition of other uri- 
nary substances. Boiling with even weak alkali can not be used because it 
decomposes urea into ammonia. Consequently methods were required 
which would affect the separation without heat. Four such procedures 
have been in vogue since 1S50. 

1. Schloesing’s procedure for slow volatilization in a closed chamber (10) . 
The urine was rendered alkaline by addition of lime, and was placed under 
a bell jar in a flat dish on top of which was a triangle. The triangle sup- 
ported another dish which contained standard acid. Forty-eight hours 
were allowed for the ammonia to pass from the urine through the air to the 
acid. The method was much in use for fifty years. Shaffer, however, in 
1902 (11) showed that the transfer of preformed ammonia was not complete, 
and that slow decomposition of urea occurred. Consequently it was pos- 
sible to obtain results too low from incomplete transfer or too high from 
urea decomposition. WTien results were exact it was due to a balancing 
of errors. 

2. Distillation in vacuo with sodium carbonate was introduced in 1850 
by Boussingault (1), the ammonia being caught and titrated in standard 
acid. Various modifications of Boussingault’s apparatus were used, but 
Shaffer (11) concluded that none was an improvement. He found that the 
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original method gave exact results, and that if alcohol were added to accel- 
erate the distillation the latter could be completed in fifteen minutes. 

3. Folin (2) in 1902 introduced a new principle, that of driving the am- 
monia bv an air current from the urine into standard acid. The urine was 
made mildly alkaline by addition of about 4 per cent of sodium carbonate, 
and was nearly saturated with salt to decrease the solubility of the ammonia. 
The accuracy of this procedure was confirmed by Shaffer (11) who found 
that about 900 liters of air driven through 25 cc. of urine in ninety minutes 
removed all the ammonia. Van Slyke and Cullen (14) modified the pro- 
cedure by using the highly soluble potassium carbonate both to set the 
ammonia free and to decrease its solubility. They found that if enough 
carbonate were added to make a solution half saturated or stronger, all the 
ammonia could be driven out of urine by 75 liters of air and in as short a 
time as five minutes, although it was usually more convenient to use a less 
violent stream and ten or fifteen minutes for the passage of the 75 liters, 

4. Folin also introduced the next innovation. In 1917 with Bell (5) 
he showed that a comple.x aluminum-sodium silicate, which has become 
known as permiitil, had the power to absorb quantitatively ammonia from 
neutral or slightly acid solutions, and to give it off again to alkali solution. 
With this solid reagent it was possible to separate the ammonia from urine 
by merely shaking for a few minutes. The ammonia could be regained in 
solution by equally short contact of alkali solution with the permutit- 
ammonia combination. 

Present methods for isolation of ammonia from urine are based either 
on Folin’s aeration principle or on his application of permutit, which have 
displaced the inaccurate and prolonged Schloesing method and the accurate 
and rapid but more complicated vacuum distillation. 

Procedures for deterniinatioyi of ammonia after isolation from urine 

For this determination three procedures have found application. 

1. Titration. The ammonia removed from urine by aeration or distilla- 
tion is caught in standard acid, and the excess acid is measured by titrating 
with standard alkali. This procedure has been described in connection 
with the Kjeldahl method in a preceding chapter. 

2. Colorimetric estimation with NesslePs solution. This procedure has 
been described on page 533 for micro-Kjeldahl analyses. 

3. Gasometric determination with hypobromite. This procedure has been 
described on page 354 of the chapter on gasometric methods. It can 
be applied either to the acid solution obtained when ammonia is aerated 
or distilled into excess acid, or to the alkaline solution obtained by the per- 
mutit method. 
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Of the three methods the titration has enjoyed the longest and widest 
use. Its exactness is limited onh- by the accuracy of standard solutions, 
volumetric measurem.ents, and manipulation. Even in micro analyses the 
error can be kept cvithout great difficulty below 1 per cent. 

The gasometric determination is also of ancient lineage, although for some 
time neglected until recently revived for use with the manometric apparatus. 
It also is capable of accuracc' better than 1 per cent, and it is independent 
of standard solutions. 

Xesslerization as elaborated by Folin is a practical, rapid, and convenient 
method. The colorimetric error is 2 or 3 per cent. 

The choice of one of these methods depends upon the method used to 
isolate the ammonia from the urine and on the degree of accuracy required 
by the object of the determination. The amount of ammonia present is 
sutticient for any of the three analyses. 

If the ammonia is isolated by aeration it can be conveniently caught in 
standard acid and titrated directly in the receiving tubes. 

WTien the permutit method is used, however, the isolated ammonia is 
e.xtracted from the permutit by means of 10 per cent XaOH solution. The 
resultant alkaline solution can not be titrated, but is ready to be nesslerized 
without even pouring it off the permutit powder. It is seldom that an error 
of 2 or 3 per cent is of importance in the clinical interpretation of a urinary 
ammonia. The nesslerization procedure has therefore been usually em- 
ployed when permutit has been used. 

Procedures for determination of ammonia directly in urine zcnthoiit isolation 

An adaptation of the Soerensen formol titration of amines was applied 
by Malfatti (7) in 1908 to determination of ammonia in urine. The method 
was based on the fact that when formaldehyde acts on a neutral ammonium 
salt neutral hexamethylene is formed and the acid prexdously combined 
with the ammonia is set free. 


4 XH4CI -h 6 CH2O = X4 (CHoIb -f 6 H2O -h 4 HCl. 

The acid thus freed can be titrated. However, other amines, notably 
amino acids, are also present in urine and react in a similar manner. Con- 
sequently the titration represents not ammonia, but ammonia -f- amines. 
Steel (12) has found that in ordinary urines the results are 10 to 20 per cent 
too high for ammonia. The IMalfatti titration enjoyed, because of its 
simpKcity and convenience, a considerable vogue in clinical laboratories, 
but appears now to be passing into deserved oblivion. 
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Sumner (13) uses nesslerization after interfering substances have been 
removed by precipitating cupric hydroxide in the urine. 

Orr (9), without any preliminary treatment of th.e urine, adds phenol 
and sodium h>’pochlorite, which react with ammonia to form an intensely 
blue substance suitable for micro-determination of ammonia. Orr states 
that he was able to fix conditions such that neither the urea nor amino acids 
in the proportions present interfered with the accuracy of the results. 

Neither of these direct colorimetric methods appears yet to have gained 
general use. Whether they equal or surpass Folin’s permutit-nesslerization 
procedure in convenience or accuracy the writers can not state. 

Precautions in handling urine 

In order that ammonia determinations may be of any significance certain 
precautions in handling the urine must be observed. Otherwise ammonia 
may be lost from or formed in the urine in such quantities that the errors 
from these sources exceed the grossest inaccuracies likely to occur in analy- 
sis. If urine is alkaline ammonia can escape from it by volatilization. On 
the other hand bacterial growth may cause rapid ammonia formation from 
urea and other nitrogenous compounds. It is therefore essential to keep 
the urine acid and to prevent bacterial decomposition. If only ammonia 
estimations are required both objects are attained by adding concentrated 
sulfuric or hydrochloric acid as soon as the urine is collected, and storing 
the specimens in a refrigerator until they can be analyzed. Prolonged 
storage is to be avoided even in this case, since urea undergoes slow hydroly- 
sis in acid solution even w'hen cold. 

If, as is often the case, titrations of urinary acidity are desired as well 
as ammonia values, the acid treatment can not be used. In this case the 
only way to be certain of reliable results is to analyze the urine within three 
or four hours at longest after it is passed. This is especially necessary if 
one intends to determine the ratio of ammonia to titratable acid, since 
transformation of a small part of the urea into ammonia would increase this 
ratio greatly. 

If immediate analysis is impossible, one must make every attempt to 
avoid excessive contamination of the urine by using specially cleaned urinals. 
The urine is covered with a small amount of toluol as soon as it has been col- 
lected; the container is stoppered and placed immediately in the refrigerator. 
Analyses are made as early as possible, never more than twenty-four hours 
after the mine has been voided. 
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ABSOEPTION V;iTH PERiiniT AXD NESSLERIZATION 

AER.illON AND TIITLITION ilETHOD OF FOLIN’ (2, 3, 4) AS MODIFIED BY 
VAX SLYKE .VXD CULLEN (14; 

The method has already been described on page 549 of the urea chapter. 
Ordinarily the sample taken is 5 cc. of urine, as there directed, but of urine 
passed in severe diabetic acidosis only 2 cc. are taken, plus 3 cc. of vrater. 

Calciilaiion 

0.34 (-4 — B — C) = milligrams of ammonia in sample. 

0.28 (.4 — B — C) = milligrams of ammonia nitrogen in sample. 

0.34 (A ~ B - C) 

p = grams of ammonia per liter urine. 

0.28 (.4-5-0 

= grams of ammonia nitrogen per liter urine. 

20 (.4 - S - O 

— = milli-equivalents ammonia per liter urine. 

A = cubic centimeters 0.02 x acid placed in receiver; B — cubic centimeter 
0.02 X alkali used in the titration; C = value of .4 — B found in blank 
analysis of reagents, T' = cc. urine in sample. 

ABSORPTION VTTH PERMUTIT .AND NESSLERIZ.ATION. FOLIN .AND BELL (5) 

Reagents 

.4 10 per cent solution of sodium hydroxide. 

Xessler’s solution and standard ammonia solutions prepared as described 
on pages 532 and 533 in the chapter on nitrogen. 

Permutit. This is an insoluble sodium aluminum silicate (zeolite) dis- 
covered by Cans (6). It contains sodium which is easily replaced by am- 
monia. It is by means of this chemical replacement that the substance is 
able to absorb ammonia from solutions. The absorption occurs best in 
neutral or weakly acid solutions. In strongly alkaline solutions not only 
is no ammonia absorbed, but any which has been absorbed is given oflf again 
to the solution. 

The reaction by which permutit absorbs ammonia is a reversible one, which 
becomes approximately complete only under definite and restricted condi- 
tions. Xot only does alkali prevent the absorption: neutral salts also 
interfere with it, although to a less extent. To obtain approximately com- 
plete absorption of ammonia, salts must be present only in slight concentra- 
tion, and a great excess of the permutit must be used. The presence of 0.1 
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gram of XaCl under the conditions given below for absorption of urinary 
ammonia is suihcient to prevent the process from being quantitative. 

The remoA^al of absorbed ammonia from permutit by means of alkali 
solution requires a definite time. Folin and Bell stated that witli their 
preparation of permutit 95 per cent of absorbed ammonia went into solu- 
tion in two to three minutes when extracted wdth 10 per cent NaOH, and 
that the extraction was complete in ten to fifteen minutes. They state, 
however, that different preparations vary' in the speed with w'hich thev 
give up ammonia, and that one must determine by' test how much time this 
requires. The tenacity with which the ammonia is held also increases with 
the length of time it has remained on the permutit. If absorbed ammonia 
has been left on the pow’der over night extraction is slower, and 2 or 3 per 
cent of the ammonia may' be incapable of extraction. 

The permutit can be used repeatedly. It can be freed of ammonia by 
washing vvith 10 per cent NaOH, then washed with 2 per cent acetic acid, 
by decantation, and finally with water, and air dried wfithout heat. The 
solid powder contains about 20 per cent of combined water, and if this is 
driven off the activity of the powder is greatly reduced. It is an economical 
practice to collect used portions of the pow'der in a jar, and eventually 
purity them for use again. 

The essential mechanical feature of permutit for anunonia determinations 
is that it is a clean, moderately’’ fine insoluble powder, which gives off no 
dust or turbid material when shaken wdth -H'ater, but settles like sand in the 
course of a few' seconds leaving a clear supernatant solution. Folin and 
BeU recommend a pow’der -which w'iU pass through a 60-mesh sieve but not 
through an 80-mesh one. 

In case the powder as obtained ydelds a turbid suspension when shaken 
with w'ater it is freed from dust by repeatedly' shaking with water and de- 
canting the turbid matter w’hich does not settle quickly. 

The activity' of the po-wder must be tested by performing determinations 
with it on known solutions of ammonium sulfate or chloride of ammonia 
content similar to that found in urine, e.g., with 1 mg. of ammonia nitrogen 
per cubic centimeter.^ 

Procedure with permutit 

Place about 2 grams of permutit in a 200-cc. volumetric flask and 
add about 5 cc. of water (no more). With an Ostwald pipette introduce 
1 or 2 cc. of urine. With urines extraordinarily poor in ammonia it 

^ Permutit made according to Professor Folin’s directions can be obtained from The 
Permutit Company, 440 Fourth Avenue, New York. 
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may be necessary to use 5 cc. Folin and Bell state, however, that it 
is preferable not to use more than 2 cc., since larger portions may in- 
troduce salts in sufficient quantity to prevent complete absorption of 
the ammonia. The added urine is rinsed down to the bottom of the 
flask with 1 to 5 cc. of "water. The flask, containing the powder and 10 
or 12 cc. of fluid, is shaken gently for five minutes to cause absorption 
of the ammonia. Add 25 to 40 cc. of water, mix gently with the powder, 
and decant after the latter has settled. Wash by decantation in the 
same way once more. If the mine contains bile two additional wash- 
ings may be needed. After the last washing add a little water to the 
powder, then 5 cc. of the 10 per cent sodium hydroxide. Mix, then 
add more water till the flask is about three-fourths full. Shake a few 
seconds and then add 10 cc. of Nessler’s reagent. Mix, let stand for 
at least ten minutes. Finally fill up to the mark wdth vrater, mix again, 
and compare the supernatant solution in a colorimeter "with a standard 
containing 0.5 or 1.0 mg. of ammonia nitrogen. 

The standard is made by placing in a 200 cc. flask 5 or 10 cc. of stock 
solution containing 1 mg. of ammonia nitrogen per 10 cc. Five cc. of 
10 per cent sodium hydroxide are added, then water and Nessler’s solu- 
tion as in the flask with the urine. 


Calculation 


K S 
V V 


= grams of ammonia nitrogen per liter urine. 


1.214 n S 

: — : — = grams ot ammonia as per liter urine. 


= milii-eauivalents XH; per liter urine. 

V r 

S and IS represent the readings in the colorimeter of the standard and 
unknown respectively, V represents the volume in cubic centimeters of the 
urine sample taken for the analysis, and n is the number of milligrams of 
ammonia nitrogen in the standard solution. 

ALTERXATI\'E DISTILLATION AXD TITRATIOX PROCEDURE AFTER PERMUTIT 
ABSORPTION OF AMMONIA 

The urine is treated through the point where the 10 per cent sodium 
hydroxide is introduced, exactly as above described, except that the 
procedure is carried out in a small Kjeldahl flask. After alkali and a 
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little water have been added to the mixture the ammonia is distilled 
from the alkali-permutit mixture, as described for micro-Kjeldahl 
determinations in chapter X, preferably with steam distillation. 
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Amino Acids 

GENERAL METHODS FOR AMINO NITROGEN DETERMINATION 
The for mol titration of Sorensen 

The first method proposed for the determination of amino acids in blood 
of urine was that of Sorensen (7;. If to a neutral salt. RXHo-a-^, of a 
primary amine with an acid. HA, neutral formaldehyde solution is added, 
the reaction, 


• RXHo . EL\ 4- 0 CH 2 = RX : CHj -u h^O -f- H-\, 

takes place and the acid previously neutralized by the amino group is set 
free. The amount of alkali required to titrate the solution back to the 
neutral point is a measure of the amount of amine present. The reaction 
occurs v.'ith ammonium salts as well as with primary amines, so that before 
the amines can be determined in biological fluids ammonium salts must be 
removed. The formaldehyde titration was applied by Henriques and 
Sorensen (4) to measurement of the amino acid nitrogen of urine. The 
coloring matter of the urine complicated the procedure considerably. Per- 
haps for this reason the ingenious and elegant method of Sorensen has not 
gained great use in urine analysis. Its accuracy is also diminished by the 
presence of buffers, since it is necessary to bring the solution to pH 7 before 
adding the formaldehyde, but to pH 9 for the end point of the final titration. 
Any buffers present which are active over this pH range are titrated as 
amino acids. The formaldehyde titration apparently has never been ap- 
plied to clinical blood analyses, presumably because it is not sensitive 
enough to determine the slight amounts of amino nitrogen in the usual 
blood filtrates. Because of the difficulties involved in its application to 
blood and urine, the formol method will not be described. 

The gasometric nitrons acid ?nethod of Van Slyke 

Another reaction that has been applied to determination of primary amino 
nitrogen is that with nitrous acid, the X 2 gas evolved being measured. 


RNH, + HNOj == ROH + H*0 + Ni 
581 
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This was employed in 1912 by Levene and Van Slyke (6) for analysis of 
urine and by various authors, using the Van Slyke amino nitrogen apparatus, 
to blood analysis (1, 5). Because the method required a special apparatus 
and a somevv’hat complicated previous preparation of the blood, its use was 
limited to chemical and physiological studies, and it did not become a 
clinical procedure. Later, however, Van Slyke (8) adapted the nitrous 
acid reaction to use with the manometric gas apparatus, which permits the 
determination to be made directly on the Folin-Wu filtrate. 

The colorimetric method of Folin 

The third method to find general application in biochemistry has been 
the color reaction of Folin (2) with B-napthoquinonesulfonate. 

The methods here described are the Folin colorimetric and the Van Slyke 
gasometric. Both can be carried out on 5 cc. of Folin-Wu blood filtrate. 
The gasometric is completed in fifteen minutes, while the colorimetric 
requires a number of hours. This difference in time is ordinarily not 
important because a series of samples can be prepared together for the 
colorimeter, and during most of the time consumed they require no attention 
from the analyst. 

folin’s colorimetric method for amino acids in urine (3) 

Reagents 

Standard amino acid solutions can be made from glycine, glutamic acid, 
leucine, phenyl alanine or t}TOsine. Of these Folin prefers glycine. The 
glycine is dissolved in 0.1 N hydrochloric acid containing 0.2 per cent so- 
dium benzoate as a preservative. 

A stock standard solution of glycine, which serves also as the regular 
standard for mine analysis, is made as follows. Dissolve 536 mg. of glycine 
and 2 grams of sodium benzoate in 0.1 n hydrochloric acid in a liter flask. 
Dilute up to 1 liter with 0.1 N hydrochloric acid. The solution contains 
0.1 mg. of amino acid nitrogen per cubic centimeter. 

Dilute standard for blood analysis. Dilute 70 cc. of the stock standard to 
100 cc. with 0.1 N hydrochloric acid, to obtain a solution with 0.07 mg. of 
amino acid nitrogen per cubic centimeter. 

One per cent sodhmi carho7iate solution. Fifty cubic centimeters of satu- 
rated sodium carbonate solution are diluted to 500 and the concentration 
is so adjusted that 8.5 cc. of this solution are equivalent to 20 cc. of 0.1 N 
hydrochloric acid when titrated with methyl red as indicator. 

Fresh 0.5 per cent sohdion of sodium ^-napJithoqninonesulfomte: One 
hundred milligrams -weighed within 5 per cent are dissolved in 20 cc. of 



■,v;itcr. The solution nurkens in u icv.' hours, and must, ihfrfdorc, he iiseri 
at once. The y-naphthoquinonesulfonaie is on the market 'Kastman 
Ko'iak Company! but may be prepared in the labnratorv b\- <lirecti*!ns 
given in detail by Folin 'o . 

Acfttc ‘iLid, iicctdte soh'tioi:. iNIix iiHt cc. eii 5!* per s. e;it a.cctie acid with a^n 
equal volume of 5 per cent sodium acetate solution. 

.1 4 per cent solution of sodium ihiosnifale iXoAiup-PH-J h. This is used 
to destroy the surplus quinone remaining after the amino acid color has 
developed. 

Permiitit, prepared and tested as on pages 577-578. 

PhcHolphthalcin, 0.25 per cent in 50 per cent alcohol. 


Procedure 

It is necessary first to remove ammonia by means of permutit. 

Dilute 5 to 25 cc. of urine (enough to contain 0.3 to 2.0 mg. of amino 
acid nitrogen) to 25 cc. in a 50 cc. Erlenmeyer flask. Add 2 to 3 grams 
of permutit and agitate gently, but continuously for five minutes. 
Decant the supernatant urine into another 50 cc. flask; again add 2 
to 3 grams of permutit and shake as before for five minutes. Decant 
the supernatant urine into a flask or test tube. A little turbidity at 
this point does not interfere with the determination. 

To test tubes graduated at 25 cc. add 1, 2 and 3 cc. respectively of the 
standard glycine solution for urine and equal amounts of the special 
1 per cent sodiiim carbonte (i. e., 1 cc. of sodium carbonate for each 
cubic centimeter of 0.1 x hydrochloric acid). To another similar 
tube transfer 5 cc. of the ammonia-free urine followed by 1 cc. of 0.1 
X hydrochloric acid and 1 cc. of sodium carbonate. Dilute the con- 
tents of each test tube to 10 cc. Dissolve 250 mg. of sodium d-naphtho- 
Quinonesulfonate in 50 cc. of water, and add 5 cc. of this solution to each 
standard and to the unknown urine. 

Mix and set in a dark place. After the tubes have stood ten to fifteeen 
minutes it is advisable to take them out for inspection. If the tube 
containing the urine appears much darker than the darkest standard, 
it is necessary to start again with another smaller sample of urine. 
The unknown must always be made up to a final volume of 15 cc. like 
the standard. The tubes are returned to the dark and allowed to 
stand over night. 

The following day standards and unknowns are acidified to phenol- 
phthalein by adding acetic acid-acetate solution. To each tube are 
then added 5 cc. of 4 per cent sodium thiosulfate and water to make 
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25 cc. After mixing, the color of the unknown is compared, in a color- 
imeter, with the standard most nearly resembling it. 

Calculation 

0.1 SQ , . . 

y~ ~ — grams of amino acid nitrogen in a liter of urine. 

S and U = readings of standard and unknown respectively, V = the cubic 
centimeters of undiluted urine taken for the final analysis, and Q = the 
number of cubic centimeters of stock standard glycine solution used in the 
standard. 

FOLIN’s (2) COLORIMETRIC METHOD FOR AZUINO ACIDS IN BLOOD 

Procedure 

The determination is made preferably with 10 cc. of Folin-Wu tungstic 
acid j&ltrate, but may be made with 5 cc. (See precipitation of proteins, 
p. 65.) 

With S cc. of filtrate. Transfer to a test tube with a graduation mark 
at 30 cc., 1 cc. of the standard glycine solution and add 3 cc. of water. 
To a similar tube with a mark at 15 cc. add 5 cc. of blood filtrate. Add 
1 drop of 0.25 per cent phenolphthalein solution to each. Add 1 cc. of 
the 1 per cent sodium carbonate solution to the standard and then add 
to the filtrate, drop by drop, enough carbonate solution to give it the 
same pink color as the stemdard. 

Add 5 cc. more of water to the standard, which is to have twice the 
volume of the blood filtrate. Then prepare a fresh 0.5 per cent solution 
of the sodium jS-naphthoquinonesulfonate. Add 2 cc. of this to the 
standard and 1 cc. to the blood filtrate. Shake the tubes a little to mix 
the solutions, and set them in a completely dark place till the following 
day, nineteen to thirty hours. 

At the end of this time add 2 cc. of the acid acetate solution to the 
standard and 1 cc. to the blood filtrate. After the introduction of the 
acid acetate-solution, add 2 cc. of the thiosulfate solution to the standard 
and 1 cc. to the blood filtrate. Finally dilute the standard to 30 cc., 
and the blood filtrate to 15 cc. with water. Mix and make the color 
comparison, setting the standard at 20 mm. 

If 10 cc. of theFolin-Wu blood filtrate are available the procedure 
is midified in the following manner: 

Two test tubes marked to contain 25 cc. are used. In one place 1 
cc. of standard glycine solution plus 8 cc. of water. In the other place 
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10 cc. of filtrate. Add a drop of phenolphthalein solution. Add 1 cc. 
of the sodium carbonate solution to the standard, and enough to the 
filtrate to give it the same pink color. Add 2 cc. of freshly prepared 
j-naphthoquinonesulfonate solution to each, mix, and let stand in the 
dark till next day. Then add to each 2 cc. of the acetic acid-acetate 
solution followed by 2 cc. of the thiosulfate. Dilute each to the 25 cc. 
mark and compare the colors. 


RcsnUs 

. . 

-^r = milligrams oi ammo acid nitrogen per 100 cc. or blood. 

S = depth of standard solution. U ~ depth of unknown. 

G.-tSOMETRIC METHODS TOR BLOOD .LN'D URIN'E 

These methods are described on page 3S5 in the chapter on gasomctric 
methods. 


BIBLIOGRAPHY 

1. Bock, J. C.: The estimation of amino-acid nitrogen in blood. J. Biol. Chem. 

1916-17,28, 357. 

2. Folin, O.: A system of blood analysis. Supplement III. .A. new colorimetric method 

for the determination of the amino-acid nitrogen in blood. J. Biol. Chen:., 
1922, SI, 377. 

3. Folix, 0. ; A colorimetric determination of the amino acid nitrogen in normal urine. 

J. Biol. Chem., 1922, 51, 393. 

4. Hexriques, V., .\ND SosENSEK, S. P. L.: Uber die quantitative Bestimmung der 

Aminosauren, Poh-peptide, und die Hippursaure im Hame durch Formoltitra- 
tion. Z. physiol. Chan., 1909, 63, 27. 

5. Hiller, .A., and V.as Slyke, D. D.: A study of certain protein precipitants. J. 

Biol. Chem., 1922, 53, 253. 

6. Le\’ENE, P. a., and Slyke, D. D.; Gasometric determination of free and con- 

jugated amino acids in the urine. J. Biol. Chem., 1912, 12, 301. 

7. SoRENSEX, S. P. L.; Enz\Tnstudien. Biochem. Z., 1908, 7, 45. 

S. V.Yx Slyke, D. D.: Manometric determination of primary amino nitrogen and its 
application to blood analysis. J. Biol. Chem., 1929, 83, 425. 



CHAPTER XIV 


Uric Acid 

DISCUSSION 

Until the era of Folin's colorimetric micro methods clinical determina- 
tions of uric acid were limited to the urine; the amounts present in blood 
vrere too small to be analyzed by the means available. From 1875 to 1892 
the accepted procedure for urine was that of Salkowski and Ludwig (30), 
in which the uric acid was precipitated with ammoniacal silver nitrate and 
magnesium chloride, the precipitate was decomposed wnth hydrogen sulfide, 
and the free uric acid was crystallized from hydrochloric acid and weighed. 
In 1892 Hopkins (22) showed that uric acid could be quantitatively pre- 
cipitated by ammonium salts, particularly by saturation with ammonium 
chloride, and could be titrated in the redissolved precipitate by means of 
permanganate. Hopkins’ method as modified by various authors (8, 16, 31) 
remains the accepted volumetric analysis for uric acid in urine. 

The formation of blue color when tungstic acid and uric acid come into 
contact in solution forms the basis of all uric acid methods that have at- 
tained general use in blood analysis. Frabot (19) in 1905 noted that uric 
acid added to alkaline tungstate solution developed a color so intense that 
uric acid in 1 part per 10,000 of solution could be detected. It was not, 
however, until Folin with Macallum (14) and Denis (13) in 1912 studied 
the conditions of the reaction that its application began to blood analysis. 
The formation of the color is due to the same reduction of tungstic acid to 
blue reduction products which is utilized in the Folin-Benedict copper 
blood sugar methods. In the sugar methods the reduction is effected by 
cuprous salts under conditions which minimize the effect of uric acid. In 
the uric acid method no such reducing salts are present, and conditions are 
arranged to obtain the maximum reducing effect of uric acid. 

The original Folin-Denis (13) method recjuired 20 to 25 cc. of blood, and was time 
consuming. The proteins were precipitated by heat and acetic acid, the filtrate was 
boiled down, and the uric acid was precipitated by silver lactate, magnesia, and ammonia. 
The precipitate was redissolved and the phosphotungstic acid added. The method was 
at once widely applied, and numerous difficulties were encountered with it. The chief 
sources of error were found to lie in: 1, the procedures for precipitation of proteins; 2, 
the quantitative separation of uric acid from other blood constituents which either inhibit 
the uric acid reaction or (as the phenols) themselves react so that errors may be either 
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For plasma anaij’ses the inaccurate and time consuming procedu.ee of isolating the uric 
acid by precipitation with the ammonium-magnesium-silver reagent was obviated by 
Benedict (2), who devised in his arseno-phosphotungstate used with cyanide a color 
reagent so specific for uric acid that other constituents of plasma nitrates do not interfere. 

In -ahole blood, however, the presence of thioncine, and perhaps other interfering sub- 
stances, still renders preliminary purification necessary before the color reagent can be 
used. In place of the original ammonium-magnesium-silver precipitating reagent for 
uric acid, silver lactate (12, IS), zinc salts (25, 26, 27), and nickel salts (9; have been used 
with more satisfactory results. However, Folin (12} in the most recent application of 
such methods, using silver lactate, recovered only 60 to 80 per cent of added uric acid, and 
nevertheless obtained results that he considered too high when he analyzed blood low in 
uric acid content. \\Tien uric acid was high incomplete recovery made the results low, 
and when uric acid was low other predpitable color-forndng substances from the cells 
made the results too high, correct analyses being obtained only when the errors balanced. 
Benedict (4) has introduced a new idea into the technique for isolating uric acid from 
cellular interfering substances. He finds that the chief of the latter, thioneine, is com- 
pletely removed when silver chloride is precipitated in strongly acidified blood filtrate, 
while uric acid remains in solution. He accordingly simplifies the preliminary treatment 
of the blood filtrate to the process of precipitating silver chloride in it and centrifugating, 
the supernatant filtrate without further treatment being used for the colorimetric deter- 
mination. Benedict (4) obtained with this procedure in analysis of whole blood results 
agreeing with those by the Folin-Wu (IS) technique, in which the uric acid was precipi- 
tated with the silver chloride in slightly add solution, and recovered by extraction of the 
precipitate with h}'drochloric acid. It appears doubtful, from Folin’s results (11), that 
any method now available for uric acid determination in whole blood is accurate. The 
recent Benedict (4) procedure appears, however, to be as accurate as the more compli- 
cated previous methods, and excels them in simplidty and rapidity. 


As a departure from colorimetric blood uric acid analyses Curtman and 
Lelirman (9) devised a method in which the uric acid was precipitated by 
nickle acetate and titrated iodometricaliy. Recover}' of uric acid added 
to even whole laked blood was quantitative. The method requires 10 cc. 
of blood, and is more time consuming than the direct colorimetric procedures 
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Presumably for these reasons it has never received sufficiently extensive 
use to indicate how satisfactory it is for general work. 

The interfering substances that have caused so many difficulties with 
colorimetric uric acid determinations in blood do not apparently occur in 
disturbing proportions in urine. Either the Benedict or Folin colorimetric 
reagents can be applied directly to urine. 

URIC ACID IX URINE. COLE’S (8) MODIEICATION OF HOPKINS’ TITILATIOX 

METHOD (22) 

The urine is treated with colloidal iron to remove an unknown substance 
that is precipitable by ammonium chloride. The filtrate is treated with 
solid ammonium chloride and made strongly alkaline with ammonia. The 
uric acid is rapidly and quantitatively precipitated as ammonium urate. 
This is filtered off, washed wdth ammonium sulphate to remove the greater 
part of the chlorides, dissolved in hot sulfuric acid, and titrated with 
standard potassium permanganate. The end point is reached when a 
momentary pink flush is seen over the whole body of the fluid. This marks 
a stage when the rate of oxidation of the uric acid suddenly decreases. Up 
to this point 1 cc. of 0.05 n permanganate is found empirically to correspond 
to 3.7 mg. of uric acid. The chemical changes involved in the oxidation 
have not yet been determined. 


Reagents 

Colloidal (dialysed) iron, 0.6 per cent. 

Pure, dry, recrystallised ammonium chloride. 

If ashing fluid. One hundred grams of pure ammonium sulfate are dis- 
solved in about 800 cc. of distilled water, 10 cc. of strong ammonium are 
added and the volume made up to 1 liter with water. It is convenient to 
use this from a wash bottle with a fine jet. 

Forty-five per cent sulfuric acid (by volume). To 500 cc. of distilled water 
in a large flask cautiously add 450 cc. of pure concentrated suHuric acid, 
cooling at intervals. Cool thoroughly under the tap and make up the 
volume to 1000 cc. 

0.05 -Y potassium per7nanganate. (See p. 31.) 

Procedure 

If the urine contains much albumi n it is removed by coagulation 
with heat and acetic acid. Small amounts are removed during the 
routine colloidal iron treatment. 



To 150 cc. of urine, or the filtrate from coagulated albumin, add 30 
cc. of the colloidal iron, stirring well during the addition. Filter through 
two dry papers into two dry flasks two being used to save time i. When 
at least 100 cc. of the filtrate has been collected, measure in a cylinder 
the amount taken and transfer it to a beaker, which has been previously 
washed and drained. It is convenient to take 100 cc., but wdth dilute 
urines it is better to take 120 or 150 cc. For every 10 cc. of the filtrate 
taken weigh out 2 grams of the solid ammonium chloride ; add this to 
the beaker and stir well. When it has dissolved add 3 cc. of concen- 
trated ammonia and stir again. Stir at intervals for 20 minutes, then 
remove the rod and let it rest on the rim of the beaker. 

When the bulk of the precipitate has settled the urate is filtered off, 
either through plain paper or through an asbestos mat of 20 or 25 mm. 
diameter in a perforated porcelain funnel or in a Gooch crucible. Use 
only moderate suction. When the main mass of the filtrate has 
passed through, transfer the bulk of the precipitate to the mat, but do 
not suck dry. Wash out the precipitate remaining in the beaker wdth 
the ammonium sulfate solution on to the filter and start suction again. 
Do this twice more, finally sucking the precipitate dry. The object 
of the washing is to remove the chloride from the precipitate, since 
chloride reacts somewhat with permanganate. If the filtration has 
been done on a paper, transfer it and precipitate to the beaker in which 
the urate was precipitated. If the washing wras done on an asbestos 
mat, blow the mat from the inverted funnel or crucible into the beaker 
and wash with hot water any adherent particles of precipitate also 
into the beaker. Add hot water to make a total voliune of 100 cc., pre- 
paratory to titration. Add 20 cc. of the 45 per cent sulfuric acid and stir 
with a thermometer. The whole of the precipitate must be dissolved, 
if necessary by the aid of heat, before the titration is commenced. 
Cool or heat to 65°C. Titrate with the standard permanganate. The 
permanganate must be added rather slowly, with constant stirring. 
The end point is reached when the addition of a couple of drops causes 
a faint pink flush through the whole body of the fluid. A very consider- 
able addition has to be made for the pink to be permanent, but the em- 
pirical valuation of the permanagnate is based on the first temporary 
flush throughout the solution as the end point. 

Calculation 

Each cubic centimeter of permanganate solution corresponds to 3.7 mg. 
of uric acid. Therefore, when the material titrated represents V cubic 
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centimeters of urine and requires A cubic centimeter of 0.05 .v permanga- 
nate, the calculation is made by the following formulae; 


= grams of uric acid in 1 liter urine. 

r 

1.23.4 . . ., . . , 

grams ot unc acid nitrogen m 1 liter urine. 

F = five-sixths the cubic centimeter volume of urine filtrate used. 

URIC -tern US' URINE. COLORIMETRIC METHOD OE BENEDICT AND ERANTH; (5) 

Reagents 

Sodium cyanide solution^ 5 per cent, containing 2 cc. of concentrated 
ammonia solution per liter. This solution should not be used after 
six weeks. 

Arse-no-pJwsphoiungstic acid. Dissolve 100 grams of sodium tungstate 
in about 600 cc. of water in a liter flask. Add 50 grams of pure arsenic 
pento.xide followed by 25 cc. of sjnrupy phosphoric acid (85 per cent H 3 PO 4 ) 
and 20 cc. of concentrated hydrochloric acid. Boil twenty minutes, cool 
and dilute to 1 liter. This reagent keeps indefinitely. 

Benedict-Hilchcock stock standard solution, 0.2 mg. per cubic ceyiihneter ( 6 ) 

Dissolve 9 grams of pure, crystallized disodium-hydrogen phosphate (Na2HP04" 12H2O) 
and 1 gram of sodium dihydrogen phosphate (NaH2P04-H20) in 200 to 300 cc. of hot water 
and filter if not perfectly clear. Make the solution up to 500 cc. with hot water, and pour 
t.liis warm solution on exactly 200 mg. of uric acid, suspended in a few cubic centimeters 
of water in a liter volumetric flask. Shake gently until the uric acid is completely dis- 
solved. Cool. Add exactly 1.4 cc. of glacial acetic acid, dilute to 1 liter and mix. Add 
5 cc. of chloroform to prevent bacterial growth. It will keep in a cool place about two 
months. 

Alternative staridard uric acid solution of Folin, 1 mg. per cubic centimeter (12) 

This standard has the advantage of keeping almost indefinitely. Place 1 gram of 
uric add, weighed to 1 mg., in a liter volumetric flask. To 0.6 gram of lithium carbonate 
in a 250-cc. flask, add 150 cc. of water and shake until the salt is dissolved. Filter the 
solution to remove all traces of insoluble material. Heat the filtered solution to 60° and 
warm the flask containing the uric acid under warm running water. Pour the warm 
liquid into the flask, at the same time washing down crystals of uric acid adherent to the 
neck. Shake the warm mixture for five minutes, then cool the flask under running cold 
water without delay. (Slight turbidity may be neglected as it is not due to undissolved 
uric acid.) Add 20 cc. of formalin (40 per cent solution of formaldehyde) and half fill the 
flask with water. Add a few drops of methyl orange and finally introduce rather slowly 
and with shaking, by means of a pipette, 25 cc. of normal sulfuric acid. The solution 
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"itt-r mi:c it t.iioroi; 


S cc. o: 


Dilut. 


It 


the Hoiutiop. to a 
should he stored 


I'rine standard nrk acid solution. To 50 cc. of the Benedict-Hitchcock 
stock standard, or 10 cc. oi t.tie Folin standard, in a 500-cc. volumetric ilask 
add .i50 cc. of water and 25 cc. of 1 : 10 hydrochloric acid, made by 10-foid 
dilution of the concentrated acid. Dilute to the mark. Unless this 
diluted standard is kept in an atmosphere of carbon dioxide it must be made 
up fresh from the stock standard every two weeks. It contains 0.02 mg. 
of uric acid per cubic centimeter. 


Procedure 


Dilute the urine with water so that 10 cc. will contain 0.15 to 0.30 
mg. of uric acid (a 1 to 20 dilution is usually satisfactory). To 10 cc. 
of the diluted urine, in a 50-cc. volumetric flask, add 5 cc. of the 5 per 
cent sodium cyanide solution, followed by 1 cc. of the arseno-phospho- 
timgstic acid reagent. (Both these solutions are highly poisonous 
and should he added from burettes, never from pipettes.) 
Mis the solution by gentle shaking and, after it has stood five minutes, 
dilute it to the mark with water and mis it again. Ten cubic centi- 
meters of the urine standard are simultaneously treated in the same 
manner in another flask. Standard and unknown are then compared 
in the colorimeter. 


Calctdation of results 


0.2 3 
r V 


= grams of uric acid in 1 liter of urine. 


0.067 S . . 

= grams ot unc acid nitrogen in 1 liter oi urine. 

5 = reading of standard, U — reading of unknown, T' = the cubic 
centimeters of undiluted urine in the 10 cc. taken for analysis. 

If the urine contains appreciable amounts of albumin this must be 
removed in advance by heat and acetic acid and filtration. 

URIC ACID IN BLOOD PL.A.SiLA. BENEDICT’S DIRECT COLORIMETRIC 
METHOD (2, 3) 

Reagents 

Five per cent sodium cyanide. 

Arseno-phosphotungstic acid, described above for colorimetric urine 
method. 
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Dilute standards for use in determinations of blood uric acid. 1. To 25 cc. 
I = 5 mg. uric acid) of the Benedict-Hitchcock stock uric acid solution, or 
5 cc. of the Folin stock solution (both described above for the colorimetric 
urine method) in a 500 cc. volumetric flask, add about 200 cc. of water. 
25 cc. of dilute hydrochloric acid (1 volume of concentrated HCl to 9 volumes 
of water ! and dilute to 500 cc. with water. One cubic centimeter contains 
0.01 mg. of uric acid. 

2. A second standard, to contain 0.004 mg. of uric acid per cubic centi- 
meter (0.02 mg. of uric acid in 5 cc.) is made by diluting 10 cc. of the Ben- 
edict-Hitchcock stock solution (or 2 cc.of theFolin stock solution) and25cc. 
of dilute hydrochloric acid to 500 cc. in the same way. 

The diluted standards keep only one or two weeks if exposed to the air. Benedict 
suggests that they be kept in an atmosphere of carbon dioxide. This may be accomplished 
by placing the solution in a bottle fitted with a two-holed rubber stopper. Through one 
of these holes a glass tube passes almost to the bottom of the bottle. In the other hole 
is a short glass tube. To the outer ends of both tubes rubber connecting tubes are at- 
tached. The solution is introduced into the bottle, a Kipp CO2 generator is attached to 
the longer tube and a current of CO2 is passed through the solution until the air is com- 
pletely driven from the liquid and the dead air space above it. The two rubber tubes are 
then closed with pinch-cocks and the CO2 generator is transferred to the shorter tube, 
instead of the longer one. Solution can then be withdrawn at will from the longer tube 
through which it is delivered by the COo pressure produced by the generator permanently 
attached to the bottle. Under these conditions Benedict states that even the dilute 
standard will keep a long time. 


Procedure 

To 5 cc. of Folin and Wu protein-free filtrate of plasma, or serum, 
or to the filtrate from unlaked whole blood (p. 67), in a large test tube, 
add 5 cc. of water. Treat 5 cc. of the dilute standard no. 2 (containing 
0.02 mg. of uric acid per 5 cc.) in the same way in another tube. To 
each add 5 cc. of the sodium cyanide solution and then 1 cc. of the 
arseno-phosphotungstic acid reagent. {Both of these solutions are 
highly poisonous, and should be added from burettes, never 
by means of pipettes.) Mix at once by inverting the tubes, place 
the latter immediately in boiling water and allow them to stand in the 
boiling water for three minutes. At the end of this time remove them 
to a beaker of cold water and leave them three minutes more. Then re- 
move them and read the unknown against the standard in a colorimeter. 

If the standard is not of the proper strength to permit colorimetric 
comparison repeat the determination. If the unknown was too strong 
use the stronger standard, no. 1, containing 0.01 mg. of uric acid per cubic 
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centimeter. If the unknown was too weak use more blood filtrate for 
the second determination. The whole analysis must be repeated, 
because both standard and unknown must be treated at approximately 
the same time to obtain satisfactory results. For the same reason it is 
not advisable to attempt to analyze more than a limited number of blood 
samples at one time. It is not permissible to alter the final dilution of 
either standard or unknown. 


100 5 D 

V u 


C akiilaiion 

= milligrams of uric acid in 100 cc. of blood. 


4 5 

— = milligrams of uric acid in 100 oc. of blood, when D = 0.02 and V = 0.5. 


5 and U represent the readings of standard and unknown respectively, 
D = milligrams of uric acid in standard, V = cubic centimeters of blood 
represented in filtrate used. 


ERIC ACID IN EITHER PLASMA OR WHOLE BLOOD. COLORIMETRIC METHOD 
OF BENEDICT AXD BEHRE (4) ON SILVER CHLORIDE FILTRATE 

Thioneine, the chief interfering substance in whole blood, is removed by 
precipitation in acid solution with silver chloride The AgCl carries down 
with it all of the thioneine and none of the uric acid. The uric acid in the 
supernatant solution is determined as in the filtrate from blood plasma, 
analyzed as described above. 


Reagents 

Five per cent sodium cyanide, arseno-phosphotungstic acid color reagent, 
and a uric acid standard solutioji contahiing 0.004 mg. uric acid per cubic- 
centimeter, as described above for the colorimetric urine analysis. 

Lithium chloride solution. Three grams of lithium chloride and 20 cc. 
of concentrated hydrochloric acid made up to 1 liter with water. 

Silver nitrate solution containing 11.6 grams of AgXOs per liter. 

Procedure 

The proteins from either whole blood or plasma are precipitated, 
either by the tungstic acid reagent of Folin and Wu (see p. 65) or the 
tungstomolybdic acid reagent of Benedict ( see p. 68). In either case 
the blood is mixed with 9 volumes of solution, so that a 1 : 10 dilution is 
obteined. It is desirable to use sodium or lithium oxalate rather than 



594 


rRic AaD 


potassium oxalate as anticoagulant in the blood, because the potassium 
salt is more likely than either of the others to cause turbidity during the 
uric acid determination. 

Of the 1 :10 blood filtrate transfer 5 cc. to a 15-cc. centrifuge tube. 
Add 2.5 cc. of the lithium chloride solution and mix by inversion of the 
tube. Add 2.5 cc. of the silver nitrate solution, and shake the contents 
of the tube thoroughly, using a tight rubber stopper to close the tube. 
Centrifuge for thirty seconds or longer, and decant all the supernatant 
solution into a test tube. If the solution is slightly cloudy from the 
presence of a trace of colloidal silver chloride, it does not matter. The 
opalescence will disappear when cyanide is added. 

In another test tube place 5 cc. of the standard uric acid solution and 
5 cc. of water. 

To each tube add 4 cc- of the sodium cyanide solution and 1 cc. of 
the color reagent. {Both solutions are intensely poisonous, and 
should he added from burettes, not from pipettes) Each tube 
is inverted once immediately after addition of the color reagent, and 
is placed at once in a boiling water bath, where the tubes are left three 
minutes after immersion of the last tube. The tubes are then re- 
moved from the bath, and are allowed to stand for about two minutes 
at room temperature. They are then read in a colorimeter while still 
warm or even hot. There is less likelihood of turbidity if the read- 
ings are made before the solutions have cooled. Even when excessive 
amounts of potassium oxalate have been used the turbidity is not 
likely to develope if the readings are made while the solutions are 
still warm. 

Avoid breathing poisonous HCN fumes after adding NaCN to the 
acidified blood filtrate. 


Calculation 

4 5 '. 

= milligrams of uric acid per 100 cc. blood. 
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CHAPTER XV 


Creatine and Creatinine 

PRINCIPLES or METHODS AND APPLICABILITY TO URINE AND BLOOD 

Principles 

At present the only method for quantitative determination of creatinine 
is the colorimetric one based on the fact, discovered in 1SS6 by Jaffe (27), 
that this substance when treated at room temperature vrith picric acid in 
strongly alkaline solution forms an intense red color. Green v.’ald (21) 
has studied the nature of the colored product but without determining defi- 
nitely its nature. 

Creatine is determined indirectly by heating its solution with strong acid, 
which causes it to give off a molecule of water and change quantitatively 
into creatinine. 

XHo XH- -CO 

/ / 

HX : C . H:0 + HX ; C 

\ \ 

X(CHi) ■ CHv- COOH X(CH:) ■ CH. 

creatine. creatinine. 

The creatinine thus formed is determined by the Jaffe reaction. 

Application to urine 

The quantitative application of the Jaffe reaction was accomplished in 
1904 by Folin (11) who used it to determine both creatine and creatinine in 
urine. For this purpose the reaction has proved satisfactory, and the 
amounts of creatinine determined colorimetrically agree with those isolated 
from urine (29). There appear to be no other urinary constituents which 
to a measurable extent either give the reaction or affect the color produced 
with creatinine, except the rather rarely occurring acetone and acetoacetic 
acid. Acetone is said to diminish the color and acetoacetic acid to increase 
it (7). Both are readily removed by acidining and boiling urine for a few 
minutes. In Folin ’s final method (13) their effect is claimed to be eliminated 
by the use of less alkali than in the original. 

Conditions for heating with acid in order to change creatine into creati- 
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nine have been varied by different authors. Folin (1 1) originally mixed the 
urine with an equal volume of 1 N hydrochloric acid and heated on the 
water bath for three hours. F. G. Benedict and V. C. Myers (6) shortened 
the heating period to fifteen minutes by heating at 117° in an autoclave. 
The superheating increases the tendency to formation of dark products in 
the urine, however, and Hahn and Barkan (24) preferred to go to the other 
extreme and heat for twenty-four hours at 60° to 65°. S. R. Benedict (3) 
combined the speed of the autoclave method with freedom from darkening 
bv boiling down to dryness the mixture of urine and acid in the presence of 
granulated lead, which prevented the formation of dark substances, so long 
as glucose was not present. AU the above procedures used a mixture of 
urine with an equal volume of 1 n hydrochloric acid. Folin’s final improve- 
ment (13) was to use 20 volumes of saturated picric acid in place of the HCl, 
and accomplish the conversion by boiling for an hour. Glucose up to 5 per 
cent does not interfere. The same mixture can be autoclaved for twentv 
minutes at 115° to 120°, but glucose interferes. All the above variations 
for urinary creatine were matters of convenience: they gave the same re- 
sults, except in the presence of glucose. 

AppUcaiion to blood 

Wlien alkaline picrate is mixed with blood filtrate a red color is obtained. 
We have no idea at present what the chromogenic substance is, but it can 
not be all creatinine. The color reaction as a measure of blood creatinine 
was first used by Folin and Denis (15) in 1912 in experiments on animals 
treated with creatinine or creatine. On 1914 Folin (14) proposed a method 
utiliaing the reaction for determination of naturally occurring creatinine in 
blood, and later with Wu (17) incorporated it into their well known system 
of blood analysis on tungstic acid filtrates. 

By various authors the conditions influencing the color formation were 
studied and modifications of the method were proposed (8, 20, 23, 24, 26, 28, 
29, 30), -without any proof by isolation and identification that creatinine or 
creatine really exists in blood. The first doubt was perhaps caused by 
Hunter and Campbell (25) who found that whole blood filtrates mixed with 
alkaline picrate solutions continued to increase in color intensity for a half- 
hour or more, while a maximum with pure creatinine -was reached in ten 
minutes. The rate of color formation in plasma filtrates was about normal 
for creatinine. Green-wald and McGuire (23) were unable to isolate any 
creatinine from blood. Behre and Benedict (1) in 1922 finally sho-wed in 
several ways that but a small part, if any, of the color ordinarily formed 
with alkaline picrate in blood filtrates could be attributed to creatinine, 
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tion. They coniirmed Greenwaid and iMcGuire '25.: in nnding that kaolin 
quantitatively adsorbs creatinine in amounts such as, from the color reac- 
tion, v.'ould be estimated to be present in blood nitrates. But kaolin slid 
not remove any of the chromogenic substance from these nitrates. Also 
animal charcoal, v.'hich quantitatively adsorbed creatinine, either in pure 
solution or added to blood nitrates, failed to adsorb the chromogenic sub- 
stance. Heating vdth 10 per cent XaOH vras found to destroy the poiver of 
creatinine to deepen the color of picrate solution, but it did not so affect the 
pov.'er of blood filtrates. Methods of isolation which yielded creatinine 
when applied to solutions of that substance yielded none when applied to 
blood. Behre and Benedict decided that there might be some creatine 
present in blood, but practically no creatinine, and that the creatinine 
present in the urine is therefore presumably formed in tlie kidneys from 
some precursor. 

Gaebier (18, 19) found that the chromogenic substance resembled creati- 
nine in its precipitability by a mixture of potassium salts and picric acid, 
but not in other properties. 

Despite our complete ignorance of the nature of the substances which 
cause the Jaffe reaction in blood filtrates, blood “creatinine” determinations 
by the method of Folin and \Vu continue to be carried out in nearly all clinics 
where renal function is studied, including those of the authors. The justi- 
fication for this practice is that clinical observation has shown that in 
nephritis an increase in the amount of chromogenic substance in the blood 
is of grave prognostic significance. It is regrettable only that this unknown 
substance or mixture of substances continues to be called “creatinine” in 
laboratory reports, and probably to be considered as creatinine by most 
physicians to whom such reports are rendered. 

Corfcerning the ‘“creatine” in the blood there is also uncertainty (IS, 19) 
as to what part of the material estimated as such is really the substance. 
There appears not to be the excuse for its clinical determination that there 
is for that of “creatinine.” We shall give the Folin-Wu method for blood 
creatine, merely because the analysis may at times be called for, and there 
is a possibility that the significance of the material determined may be 
clarified by future work. 


liEAGENTS POR URINE AND BLOOD CREATININE DETERXnNATIONS 

Saturated solution of purified picric acid. Such a solution contains 12 
grams of dry picric acid per liter. Picric acid as sold contains about 20 
per cent of water to reduce the liability to e.xpiosion. Hence about 15 
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grams of the moist commercial product are taken to make a liter of the 
saturated solution. 

The picric acid must pass the following test of Folin and Doisy (16). To 
10 cc. of the saturated picric acid solution add 5 cc. of 10 per cent sodium 
hydroxide and let the mixture stand fifteen minutes. The color of the 
alkaline picrate solution thus made must not be more than twice as deep 
as the color of the saturated picric acid solution. If a deep color does form 
in alkaline solution impurities are present which form sufficient color to 
interfere with creatinine determinations (28). Such picric acid can be 
purified by methods described below. 

Alkaline picrate solution. MLx 5 volumes of saturated picric acid solution 
with 1 volume of 10 per cent sodium hydroxide. The mixture of picric acid 
and alkali solutions should be made fresh on the day used. 

.4 10 per cent solution of sodium hydroxide. 

Stock standard 0. 1 per cent solution of creatinine. Ordinarily this solution is 
made from the easily purified creatinine zinc chloride. Of this 1.602 grams 
are dissolved and made up to 1 liter in 0.1 n hydrochloric acid solution. 
Each cubic centimeter of the resultant solution contains 1 mg. of creatinine. 

Dilute standard creatmine solutiofi for blood analyses. To 6 cc. of the above 
0.1 per cent creatinine solution in a 1 liter flask add 10 cc. of 0.1 n hydro- 
chloric acid and dilute to the mark with water. One cubic centimeter of 
this solution contains 0.006 mg. of creatinine. 

Purification of picric acid. Benedict (5) 

1. Crystallisation from glacial acetic acid. This method is suited to small amounts. 
One hundred grams of the moist commercial picric acid are dried in air at 80° to 90°, or 
in a vacuum desiccator, and then dissolved in 150 cc. of glacial acetic acid, with the aid 
of heat which is continued until the mixture boils. The hot solution is poured on a 
fluted filter in a dry funnel which has been heated previously, and the filtrate is collected 
in a dry beaker. The beaker, covered with a watch glass, is allowed to stand over night 
at room temperature. If, at the end of this time, crystallization has not begun, it is 
initiated by vigorous stirring or by seeding with a crystal of picric acid. After two hours, 
or when crystallization is complete, the mixture is filtered with the aid of suction through 
a hardened filter and washed with about 35 cc. of cold glacial acetic acid. The precipitate 
is sucked as free from add as possible and then dried at 80° to 90°, with occasional stirring, 
until it no longer smells of glacial acetic acid. 

2. Crystallization as sodium picrate. This is suited to large amounts. It is essentially 
the method of Folin and Doisy (16) except that sodium carbonate is substituted for sodium 
hydroxide. Benedict states that the hydroxide causes slow decomposition of the picric 
acid, but the carbonate does not affect it. By the above Folin-Doisy test the picric acid 
obtained is slightly better than that from glacial acetic add. 

In a large porcelain enamelled pail without defects in the enamel 6 liters of water are 
heated to boiling. To this are added 250 grams of anhydrous sodium carbonate. When 
this has dissolved 500 grams of moist technical picric acid are added gradually. Before all 
the picric acid has dissolved the pail is removed from the flame and the contents are stirred 
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until solution is complete. After the solution has stood for a fevr minutes the fluid is 
decanted from the dirt tvhich has settled to the bottom of the pail (flltratioii is usually 
unnecessaiy;. It is allotved to stand overnight at room temperature. At the end of this 
time the crystallized sodium picrate is collected on a large Buchner funnel v.dth the aid 
of suction v/hich is continued until the precipitate is dry. It is then washed vrith 2 liters 
of 10 per cent sodium hydroxide and again sucked dry. The suction is now turned off, 
5ij0 cc. of diluted hydrochloric acid (25 volumes per cent of concentrated HCl) is poured 
on the filter, and the mLxture is stirred thoroughh* with a porcelain spatula. The picrate 
is converted by the HCl into crj'stals of free picric acid. The fluid is then sucked into a 
receiving flask. The picric acid on the funnel is washed wflth water three times, after 
which the precipitate is sucked dry. The material is removed from the filter, dried at 
about 90' and powdered. 

Both methods should gi\-e picric acid which, when tested by the above described method 
of Folin and Doisy, proves satisfactory for creatinine determinations. The final product 
should be preserved in brown, glass-stoppered bottles. 

Benedict's method for the preparaiion of pure creatinins-zinc chloride from urine {2) 

To 10 liters of undecomposed urine in a large precipitating jar add a hot solution con- 
taining ISO grams of picric acid in 450 cc. of boUing alcohol. Allow the solution to stand 
over night and sj-phon off the supernatant fluid. Pour the residue on a large Buchner 
funnel, drain with suction, wash it once or twice with cold, saturated picric acid solution 
and suck diw'. To everj' 100 grams of the picrate add about 60 cc. of concentrated hydro- 
chloric acid, enough to form a moderately thin paste, and stir the mixture thoroughly 
with the pestle for from three to five minutes. Filter it with suction on a hardened filter 
paper and wash the precipitate twice -with, enough water to cover it, sucking it as nearly 
dr)' as possible each time. Transfer the filtrate to a large flask and neutralize it with 
an e.xce55 of “solid, heavy” magnesium oxide, using litmus paper as an indicator. Add the 
oxide in small portions and cool the flask under running water after each addition. Filter 
the mixture with suction and -wash the residue twice with water. Immediately add a 
few cubic centimeters of glacial acetic acid to the filtrate to make it strongly acid and dilute 
the solution with about 4 volumes of 95 per cent alcohol. After fifteen minutes filter off 
the slight precipitate. To the final filtrate add 30 to 40 cc. of 30 per cent zinc chloride. 
Stir the mixture and let it stand over night in a cool place. Pour off the supernatant 
liquid. Collect the creatinine zinc chloride on a Buchner funnel. Wash it once with 
water, then thoroughly with 50 per cent alcohol, finally wdth 95 per cent alcohol, and dry. 
.4 nearly white, light, crystalline po'wder, creatinine-zinc chloride, should be obtained. 

This should be recrystallized according to the method of Folin (12) as follows: Dissolve 
the crude creatine-zinc chloride in about 10 times its weight of boiling 25 per cent acetic 
acid. To the mixture add 2 volumes of 95 per cent alcohol. On cooling, pure creatinine- 
zinc chloride separates almost quantitatively. 

Edgars {9, 10) method for the preparaiion of creatinine-zinc chloride from creatine 

Grind commercial creatine in a mortar vrith an equal weight of anhydrous zinc chloride. 
Heat the mixture in a beaker, dish or casserole over a small flame or a sand bath, stirring 
it constantly. At a temperature of 120° to 130°C. the material becomes a viscous mass 
from which bubbles of water vapor are given off. Within a few minutes it suddenly 
solidifies to a perfectly dry residue consisting of creatinine-zinc chloride, containing the 
e.xces5 zinc chloride. The latter can be dissolved out by leaching the mass with a little 
cold water, followed by 50 per cent and then 95 per cent alcohol, as described above. 
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The crude creatinine-zinc chloride is then recrystallized by the niethod of Folia de- 
scribed above. 

Greenwald (22) has suggested ammonium creatinine picrate as a suitable salt for the 
isolation and purihcation of creatinine. 

DETERMINATION OR CREATININE IN URINE. EOLIN (13) 

Place 2 cc. of urine in a 100-cc. flask. In another similar flask place 
1 cc. of the stock standard creatinine solution, containing 1 mg. of 
creatinine per cubic centimeter. To each flask add 20 cc. of the picric 
acid solution and, from a burette, 1.5 cc. of 10 per cent sodium hydroxide. 
Let the solutions stand ten minutes. At the end of that time dilute 
to the mark with water, mix and compare unknown with standard in 
the colorimeter. If the readings of standard and unknown differ by 
more than 50 per cent, the determination must be repeated with a 
more suitable amount of urine. 

Calculation 

= grams’ of creatinine in a liter of urine. 

0.372 5 

— — — =s grams of creatimne mtrogen in a liter of urine. 

U r 

S = reading of standard, U = reading of unknown and V ~ the cc. of 
urine taken for analysis. 

sun OR CRE-ATININE AND CRE.ATINE IN URINE.’ “TOTAL CREATININE” 

Creatine present is changed by heating with acid to creatinine and the 
total creatinine present is determined. Subtraction of the preformed creati- 
nine, determined separately as above described, yields by difference the 
creatine. 

Three procedures for carr}’ing out the heating with acid are described. 

1. The Folin open flask method is the only one of the three that can be 
used if the urine contains glucose. Up to 5 per cent of glucose does not 
interfere. 

2. The Folin autoclave technique is most convenient when many analyses 
are done together. 

3. The Benedict boiling down procedure is quickest and simplest for a 
few analyses. 

1. Folin’ s open flask method {13) 

To 1 cc. of urine in a 300-cc. flask add 20 cc. of saturated picric acid 
solution. Weigh the flask and its contents to within 0.1 gram, and add 
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about 150 cc. of water. Boil gently for forty-five minutes and then more 
rapidly until the volume of fluid in the flask is about 20 cc. Cool. 
Place the flask on the scales again and add enough water to restore 
the weight of the original 21 cc. of solution. To 1 cc. of the stock 
standard creatinine in another flask add 20 cc. of saturated picric acid 
solution. To both standard and unknown are now added 1.5 cc. of 
10 per cent sodium hydroxide. After they have stood ten minutes 
compare them in the colorimeter. 

2. Folin’s autoclave method (13) 

To 1 cc. of urine in a 100-cc. volumetric flask add 20 cc. of the satu- 
rated picric solution. Cover the mouth of the flask with tin-foil and 
heat it in an autoclave at 115° to 120°C. for twenty minutes. Cool. 
Place 1 cc. of the stock standard creatinine solution in another similar 
flask with 20 cc. of saturated picric acid. To each flask add 1.5 cc. of 
10 per cent sodium hydroxide solution. After they have stood ten 
minutes, dilute to the mark, mix and compare standard and unknown 
in the colorimeter. 

3. Benedict’s ioilmgdown method (3) 

To 2 cc. of urine in a medium sized test tube add 2 cc. of 10 per cent 
(by volume) hydrochloric acid and a little powdered metallic lead. 
Evaporate the contents of the tube carefully nearly to dryness by 
boiling over a free flame, and then wash them with as little water as 
possible through a very small cotton or glass wool filter into a 100-cc. 
volumetric flask to remove the metallic lead. In another 100-cc. 
volumetric flask place 1 cc. of the stock standard creatinine. Into each 
flask introduce 20 cc. of the saturated picric acid. To the unknown 
add 2 cc. and to the standard 1.5 cc. of 10 per cent sodium hydroxide. 
After they have stood ten minutes dilute to the mark, mix and compare 
standard and unknown in the colorimeter. 


n- 


Calculation 

grams of “total creatinine” from both creatine and preformed creatinine in a liter of urine 


0.372 5 


UV 


= grams of “total creatinine” nitrogen in a liter of urine. 


Where .S' and U = readings of standard and unknown respectively and V — 
cc. of urine taken for analysis. 

(“Total creatinine N”) — (preformed creatinine N) = creatine N. 
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APPAREXT "CREATIXIX'E” IX BLOOD. EOLIN AXD WU (17) 
Procedure 

Place 10 cc. of Folin and Wu blood filtrate (see precipitation of pro- 
teins, p. 65), in a small flask or test tube and 5 cc. of the dilute standard 
creatinine solution together with 15 cc. of water in another receptable. 
To the blood filtrate add 5 cc. and to the standard solution 10 cc. of the 
freshly prepared alkaline picrate. After eight or ten minutes compare 
the two in the colorimeter. Not more than fifteen minutes should 
elapse between the addition of the alkaline picrate and the completion 
of the color comparison. 

It is essential that the depth of color in standard and unknown be 
approximately the same. To ensure this it is well to prepare more than 
one standard with each test. The standard described above is useful 
only for normal “creatinine” values of 1 to 2 mg. per 100 cc. For higher 
“creatinine” values one uses 10 cc. of standard plus 10 cc. of water, or 
IS cc. of standard plus 5 cc. of water, or 20 cc. of standard. If a high 
“creatinine” should be encountered unexpectedly without an ap- 
propriate standard ready, the determination can be saved by diluting 
the unknown with the akaline picrate solution (first diluted with two 
volumes of water) until the color of the unknown approximates that of 
the nearest standard. 


Calculation 

0-3 C 5 „ . , . 

r — = milligrams of creatimne in 100 cc. of blood. 

R 

Where S and R represent the readings of standard and unknown respec- 
tively, and C the cubic centimeters of standard creatinine solution measured 
into the standard solution. (C = 5 for normal blood.) 

As stated above, it is uncertain what the substance thus calculated as 
"creatinine” is, except that it is not creatinine. 

APPAREXT “total CREATIXIXE” IX BLOOD. EOLIN AND WU (17) 

Transfer 5 cc. of the Folin and Wu tungstic acid filtrate (see precipita- 
tion of proteins, p. 65), to a test tube graduated to 25 cc. Add 1 cc. of 
1.0 iV hydrochloric acid. Cover the mouth of the test tube with tin- 
foil and heat in an autoclave to 130°C. for twenty minutes or to 155°C. 
for ten minutes. Cool. Place 10 cc. of the diluted creatinine standard 
solution described above in a 50 cc. volumetric flask and add to it 2 cc. 
of 1,0 iV hydrochloric acid. When the unknown has cooled add to it 
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5 cc. of the alkaline picrate solution and to the standard solution add 
10 cc. of the same solution. Allow both to stand 5 to 10 minutes. 
Then dilute the unknown to 25 cc. and the standard to 50 cc. and com- 
pare them in the colorimeter. 

Calculation 

65 . . 

— = milligrams oi total creatinine” in 100 cc. of blood. 

Where S and U represent the readings of standard and unknown respec- 
tively, and C the cubic centimeters of standard solution taken for comparison. 

It has been customary to consider that the figures thus calculated repre- 
sent the sum of creatinine and creatine. In the introductory discussion it 
has been shown that no one knows what they represent. 
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Lactic Acid 

PRINCIPLES OP METHODS 

The classical method for determination of lactic acid involves its separa- 
tion, usually by ether extraction combined with other means, from inter- 
fering substances, its conversion into zinc lactate by boiling with zinc oxide 
or carbonate, and the weighing of the lactate. The purity of the latter 
can then be determined by analysis. This method was used in the famous 
studies of lactic acid formation in muscle by Fletcher and Hopkins (8) and 
was applied to blood by Wolf (28). Because the purity of the salt can be 
proven, this procedure still remains a standard method. It is, however, 
time consuming because of the prolonged extraction required to remove 
lactic acid from other biological material, and not suited to determination 
of small amounts. 

In consequence other- methods have been devised which are more rapid 
and suited to micro analyses, although not capable of the same rigid ana- 
lytical proof of specificity as the zinc lactate procedure. Such methods 
thus far developed depend upon decomposition of the lactic acid and estima- 
tion of one of the products, acetaldehyde, CO 2 , or CO. 

WTen heated with potassium permanganate or manganese dioxide sus- 
pension, lactic acid is o.xidized to acetaldehyde and carbon dioxide; 

CHa • CH(OH) . COOH + 0 = CH 3 • CHO + CO. + H.O. 

Boas (2) and Jerusalem (14) distilled the aldehyde into alkaline 0.1 n iodine 
and estimated the aldehyde from the amount of iodine reduced. Von 
Fiirth and Charnass (12), finding the direct iodimetric titration inaccurate, 
distilled into bisulfite and used the Ripper (22) titration of the amount of 
XaHSOs bound by the aldehyde to determine the latter. 

By Baumberger and Field (1) the CO 2 formed by^the permanganate oxida- 
tion, carried out in blood filtrate at room temperature in the Van Slyke- 
Xeill gas apparatus, was measured in a gasometric determination of lactic 
acid. Hastings and Avery developed the same procedure independently 
and applied it to the Folin-Wu blood filtrate (personal communication). 
The determination of CO 2 has a theoretical advantage over determination 
of the acetaldehyde. If excess permanganate is allowed to act on the aide- 
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hyde it is further oxidized and the result of the analysis is too low. Addh 
tion of permanganate in aU modifications of the von Fiirth-Charnass method 
is cautious in order to avoid error from this source. The CO 2 formed, how- 
ever, can not be further oxidized. 

Another decomposition reaction is undergone when lactic acid is heated 
with strong sulfuric acid at 100°. It ^fields again acetaldehyde, but the 
other product is CO instead of CO 2 (Deniges, (6)). 

CHs • CH(OH) • COOH = CH3 • CHO + CO + HoO. 

As nearly as one can judge from available data, determination of the alde- 
hyde yielded by this reaction gives nearly true results for lactic acid in the 
ether extract of urine (24), and determination of the CO gas gives good 
results with blood filtrates (4, 20, 23). Urine extract contains, however, 
substances other than lactic acid which yield CO (19), and blood filtrate 
contains other substances which >neld acetaldehyde (23), the results in 
both these cases being definitely too high. 

For determination of the acetaldehyde yielded by this reaction both the 
Clausen titration and several colorimetric methods have been used. R}IEel 
(24) used the color reaction with Schiff’s reagent (rosaniline hydrochloride 
decolorized with sulfur dio.xide), Harrop (13) the color formed with guiacol, 
and Mendel and Goldschneider (21) the color formed with veratrol. The 
last mentioned reagent has the practical advantage that it can be used in 
the sulfuric acid mixture, so that the aldehyde need not be driven into an- 
other vessel for estimation. 


Choice of Methods 

For blood we shall describe three methods: 

1. The most recent improvement of the von Fiirth-Charnass iodometric 
procedure by Friedemann, Cotonio, and Shaffer (10) and Friedemann and 
Kendall (11). This method with its iodometric titration is the result of 
years of development begun by Clausen (4) and carried on by Shaffer’s 
collaborators (5, 9, 10, 11) and must be at present accepted as the most 
thoroughly applied and tested procedure available. The entire determina- 
tion, including oxidation, collection of aldehyde, and titration, can be 
carried through in fifteen or twenty minutes. 

2. The direct colorimetric method of Mendel and Goldschneider (21). 
This method has not attained the general application of the older von Fiirtli- 
Charnass, but its accuracy has been confirmed by Vas and Lang (26). The 
veratrol reagent is applied directly to blood filtrate. It obviates the aera- 
tion involved in the preceding method, and provides a colorimetric alterna- 
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live. For these reasons it is included. Its behavior in general clinical 
application remains to be demonstrated, and those who use it at present 
must assume the responsibility of controlling it. 

3. The Avery and Hastings gasonietric method. This is the simplest 
procedure. Like the colorimetric method, it is new and has not yet received 
general clinical application. It appears certain, however, that it will suffice 
to measure pathological increases of blood lactic acid. It is described on 
page 427 in the chapter on gasometric methods. 

For urine we describe only the Friedemann-Cotonio-Shaffer iodometric 
method. The application of the other two procedures to urine has not 
been made. 

In specificit}’ these methods are in a state much like that of the blood sugar methods. 
Each method has been found to determine 95 per cent or more of lactic acid added to blood 
or urine, but it has not \-et been demonstrated whether the pree.xisting material deter- 
mined in these fluids by any of the methods is exclusively lactic acid. It is probable, 
as in the case of blood glucose methods, that some of the material determined in normal 
blood and urine is not lactic acid, but that pathologically significant increases are shown 
with sufficient accuracy by any one of the three procedures. Clausen (4) and Friedmann 
(11) have shown that other substances which can occur in blood filtrates and urine give 
on acetaldehyde or volatile products which titrate as such under the conditions of the 
permanganate-iodometric method. Long (IS) compared the Clausen (4) form of this 
method with the color given by blood filtrates with Hopkins’ (8) thiophene reaction. He 
obtained 25 per cent more apparent lactic acid by the permanganate-iodometric method 
than by the thiophene colorimetric estimation, and concluded that about 75 per cent of 
the substance determined in normal blood by the Clausen procedure wms lactic acid and 
25 per cent other substance. The later Friedeman-Cotonio-Shaffer (10) form of the per- 
manganate-iodometric method was found, however, by Ronzoni and Wallen-Lawrence 
(23) to give in blood filtrates consistently the same results as estimation of the carbon mon- 
oxide yielded by the sulfuric acid reaction. The substitution of phosphoric for sulfuric 
acid in the oxidation mixture by Friedemann and Kendall (11) was later found to give 
in human blood lactic acid values still lower by 1 or 2 mg. per 100 cc. (0.1 or 0.2 millimoles 
per liter). It appears probable that the lactic acid values given by the present form of the 
permanganate-iodometric method in blood closely approximate the actual figures. Tests 
of the specificity of the colorimetric procedures for blood are lacking. 

In urine Friedemann and Kendall (11) have found that the ether extract when treated 
with permanganate by their method yields only about one-third as much volatile sub- 
stance titrating as aldehyde as is yielded by the whole urine. If instead of ether extrac- 
tion the urine was treated with copper sulfate and calcium hydroxide (procedure used in 
Van Slyke acetone determination to remove glucose, see p. 626) the filtrate yielded only 
about as much aldehyde as the ether extract. When both methods for removal of inter- 
fering substances were applied together still lower results were obtained. For example, 
untreated urine gave aldehyde equivalent to 26 mg. of lactic acid per 100 cc., copper-lime 
filtrate 10 mg., ether extract S mg. ether extract cleared by copper-lime 5.5 mg. No stand- 
ard procedure for preparation of urine appears to have been settled upon as the result of 
systematic experiment. 
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PERMAXGANATE lODOilETRIC ilETHOD FOR URINE AND BLOOD, MODIFIED 
VON FURTH-CHARNASS TECHNIQUE (12, 4, 5, 10, 11) 

The permanganate oxidation discussed above is used, and the aldehyde 
is driven into bisulfite solution by a current of air and titrated by Clausen’s 
(4) modification of Ripper’s (22) method. The present technique is the 
result of so many detailed improvements in the von Fiirth-Charnass method 
by various authors that it is impossible to give it the name of any one. 

In the original Ripper aldehyde titration as used by von Fiirth and Chamass the alde- 
hyde was collected in an excess of standard bisulfite, with which it combines, molecule 
for molecule. 

CH3CHO + XaHSOa = CH3CHO ■ NaHSOj. 

The bisulfite compound does not react wfith iodine, while the unbound NaHSOj does 
react: 

NaHSOs + 21 + H 2 O = NaHSOi + 2 HI. 

In the Ripper method the excess NaHSOa is titrated with iodine. One cubic centimeter 
of 1 N iodine (1 millimole) titrates 0.5 millimole or 45 mg. of lactic acid. The disadvantage 
of the Ripper method is that it is a titration by difference. Clausen converted it into a 
direct titration by taking advantage of the fact that the CHsCHO-NaHSOs compound, 
although stable in acid or neutral solution, splits into its components when made alkaline. 
Consequently Clausen added iodine to the acid bisulfite-aldehyde solution rmtil all the 
free sulfite was oxidized, then added alkali and performed a direct titration on the remain- 
ing sulfite, which had been bound to aldehyde. Clausen also introduced aeration in place 
of distillation for driving the aldehyde into the bisulfite, and applied the copper-lime 
precipitation of Van Slyke for preliminary removal of sugar and other interfering sub- 
stances from blood filtrates. 

Friedemann, Cotonio, and Shaffer (10) showed that the addition of manganous salts 
to the oxidation mixture greatly accelerated the formation of aldehyde, and, by reducing 
the Mn"^** to Mn*’^, decreased the danger of oxidation past the stage of aldehyde. They 
also introduced the principle of driving the current of air up through a cooled condenser, 
where some less volatile products are retained which, if they reached the bisulfite, would 
titrate as aldehyde. Friedemann and Kendall (11) substituted phosphoric acid for the 
sulfuric previously used in the oxidation mixture, and obtained a decrease in the amount 
of aldehyde yielded by substances other than lactic acid. 

Except for the preliminary treatment to remove interfering substances, the method is 
the same for blood and urine. 

Apparatus 

The apparatus, which is shown in figure 79, can "be constructed from 
ordinary stock glass-ware. It consists, essentially, of a boiling flask fitted 
to a reflux condenser through which an air current carries the volatile alde- 
hyde into an absorbing tube or to-wer containing bisulfite. Two large test 
tubes in tandem may be substituted for the bead tower shown in the figure. 
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Fig. 79. Apparatus of Friedemann, Cotonio and Shaffer (8) as modified by West (27) 
for the determination of lactic acid. 

The apparatus consists of the three units, boiling flask, condenser, and absorber, all 
of Pyrex glass. The boiling flask C, a wide mouth extraction flask of 250 cc. capacity, is 
fitted by a rubber stopper to a condenser unit made from a West tx'pe condenser. The 
condenser should have an inner tube of thin wall Pyrex, about 7 mm. inside diameter with 
0.5 to 1-mm. space between the inner and outer tubes (water space) and a water column 
about 425 mm. long. A standard wall Pyrex tube (about 8 mm. outside diameter) is 
sealed to the condenser and bent for attachment to the absorber B. The absorber con- 
sists of a 150 cc. wide mouth extraction flask fitted with a tube G, containing a few beads 
as shown. G is conveniently made from a 25 by 200 mm. Pyrex test-tube, into the bottom 
of which a 7 by 140 mm. tube is sealed. D, the permanganate or manganese dioxide 
container, is prepared from a small Pyrex test-tube and attached by rubber tubing to the 
deliverj' tube, H. P is a screw clamp to control the flow of oxidizing agent into the flask. 
.A. small hole, cut in the rubber below F, serves as an air inlet. D is fastened to the con- 
denser with friction tape. The apparatus is loosely supported in the split cork, .4 , by a 
clamp or by friction tape to a horizontal rod, and under the neck of the boiling flask or low 
on the condenser by a horizontal rod. The slope of the condenser, relative to the desk top, 
should be about 45 degrees. Mounting in this w'ay insures freedom of movement in the 
vertical plane without strains. A micro burner is used to heat the boiling flask. 

Several units may be compactly assembled in a row on parallel horizontal rods, one 
attached loosely at A , and the other simph' passing under the lower part of the condensers. 

The condenser units may be more simplj- made by fastening the outer jacket in place 
with mbber connections. The inner tube is extended beyond the jacket and bent to 
enter the absorber as e.xplained above. Such condensers, while not quite so efficient as 
the all glass ones w’ith the thin inner tubes, are entirely satisfactory. 
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Davenport and Cotonio (5) have described a variation of this apparatus 
which may be preferred by some. It is essential that the condenser be 
efficient and well cooled. The Hopkins type seems to be best suited for 
that purpose. The space between the inner and outer tubes should not 
exceed 3 mm. and the height of the condensing surface should be at least 
25 cm. This insures condensation of all the water vapor, and is also said 
to hold back some interfering volatile organic products. 

Reagents 

Oxidizing solution, colloidal manganese dioxide. This can be prepared 
by any one of the three following methods (10). 

1. Xine grams of glucose, dissolved in 1 liter of approximately 0.5 u NaOH, are added 
to 3 to 4 liters of water in which 53 grams of potassium permanganate have been dissolved. 
The mixture is warmed to and kept at this temperature for fifteen minutes. If the 
color disappears during this procedure, saturated aqueous potassium permanganate is 
added until an e.xcess remains. The solution is then cooled, filtered through a large 
Buchner funnel and washed well with water. The precipitate of hInOa, granular at first, 
becomes finer and finer as alkali and salts are removed. To facilitate the removal of salts, 
the precipitate is thoroughly broken up in a small amount of water (an egg-beater is an 
effective aid) and again returned to the Buchner funnel and washed. The salt-free pre- 
cipitate is finally broken up thoroughly in water, diluted to 2 to 4 liters and set aside to 
settle. After a few hours the coarser particles settle out. After twelve to twenty-four 
hours the upper two-thirds of the suspension, which is practically free from visible par- 
ticles, is removed by suction. The remainder, containing coarser particles, is again 
suspended, agitated and allowed to settle. This may be repeated several times. The 
supernatant colloidal suspensions are united and adjusted to a strength of 0.05 or 0.1 k. 
The strength is determined by mixing a known amount with a solution of potassium iodide 
acidified with H2SO4, and titrating wdth standard sodium thiosulfate (see p. 32). One 
cubic centimeter of 0.1 n thiosulfate = 1 cc. 0.1 N colloidal MnO^. Suspensions prepared 
in this manner are not entirely colloidal. Howmver, the sediment which settles out is not 
granular and can be resuspended readily. The AlnOj is precipitated by electrolytes. 
The yield by this method is not large; only 50 to 70 per cent of the theoretical quantity 
is obtained after 5 suspensions. 

2. A fairly stable and satisfactory suspension is secured by allowing potassium per- 
manganate to react with manganous sulfate. A concentrated solution of manganous 
sulfate, containing slightly more than 3 equivalents (7 grams of MnS04 -41120) is run. 
with stirring, into a solution of potassium permanganate containing 2 equivalents (3 grams 
of K.Mn 04 ). The granular precipitate of manganese dioxide is washed free from salts by 
the procedure described in 1, above. 

3. A fairly satisfactory dilute suspension for use in the analysis of blood and tissue 
extracts or in samples which contain relatively small amounts of oxidizable material other 
than lactic acid, may' be prepared by adding a dilute manganous sulfate solution drop by 
drop to a dilute (0.01 n) potassium permanganate solution until the color is almost 
discharged. 
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The stock solution of U.l x manganese dio.vide suspension is diluted as 
needed to 0.01 x. 

.1 i H solution of phosphoric acid, prertarcd by diluting 135 cc. of syrupy 
^S5 per cent) acid to 1 liter. 

.-1 IV per cent solution of manganous sulfate IMnSO^-dHsO). 

Finely poivdereJ talcum. 

.1 1 per cent solution of sodium bisulfite. 

Starch indicator, prepared as described on page 34. 

.4 saturated solution of sodium bicarbonate. 

.4 0.1 -v solution of iodine. The 0.1 x iodine is diluted each day to 0.01 
or 0.002 X and must be protected from strong sunlight. (For the prepara- 
tion of the iodine, thiosulfate and biiodate solutions, see chapter I.) 

.4 25 per cent solution of copper sulfate (CuSO^-S H^O). 

Dry calcium hydro.xide. 

Phosphate buffer of pH 7. Skty-two cubic centimeters of 0.3 m Na2HP04 
mixed with 38 cc. of 0.3 m KH2PO4. 

Preparation of urine 

Either of the following two methods of preparation may be used. 

1. Ether extraction. 

To separate lactic acid from interfering substances in urine Clausen 
(4) extracted the acid with ether. To remove phenols the urine is 
first brought to pH approximately 7, at which all the lactic acid is bound 
as alkali salt while all the weakly acid phenol remains free, and the 
phenols are removed by a preliminary extraction. 

For the extraction the apparatus shown in figure 80 is used. K is 
a 300 cc. Kjeldahl flask connected with a Hopkins reflux condenser, H. 
F is a funnel made from a test tube. Its end should be slightly bent 
and its opening should be about 0.5 mm. in diameter. F, the extraction 
tube, blown from a test tube, has a side opening, 0, for ether outflow, 
and a small bulb at its lower end. The narrow lower portion should 
contain about 2 cc. in a column about 10 cm. deep. A copper wire, VF, 
holds E and is carried between the cork and the flask. As ether 
condenses and enters F, it gradually displaces the fluid in the stem, 
which should be long enough to give a sufficient head of pressure to 
carry a rapid stream of ether in drops through the liquid in E imtil 
there is a steady outflow through O. If at first bubbles of vapor in the 
stem of F prevent the flow, it is only necessary momentarily to make 
air pressure at the side tube of the Hopkins condenser. 

As a preliminary to ether extraction it is necessary to remove al- 
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bumin, if present. To 5 cc. of urine add 0.5 cc. of 10 per cent sodium 
tungstate and 0.5 cc. of 1 n sulfuric acid. After precipitation the urine 
is filtered. 

To remove phenols by preliminary extraction, 2 cc. of the albumin- 
free urine filtrate are placed in the extraction tube, a few drops of the 



Fig. so. Apparatus of Clausen (4) for the extraction of urine with ether as a preliminary 
to the determination of lactic acid. 

phosphate buffer solution of pH 7.0 are added, and the mixture is ex- 
tracted with ether for fifteen minutes. 

1.3 grams of ammonium sulfate and a few drops of concentrated sul- 
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furic acid are now added to the treated urine in the extraction tube. 
A fresh flask containing 50 cc. of ether is then applied and the urine is 
reextracted for thirty minutes. The flask should be heated in a water 
bath at 60^ to 70°C. 

To the ether are now added about 10 cc. of water, 1 drop of 0.5 per 
cent phenolphthalein, and enough 0.1 n sodium hydroxide to make it 
just alkaline. The ether is then removed by distillation. The residue 
is transferred quantitatively to a small beaker and evaporated nearly, 
but not quite, to dryness on a water bath. 

The residue is then washed with a small quantify of wafer info the 
flask C of figure 79, and the determination of lactic acid is carried out 
by the procedure described below. 

2. Copper- line trea tment. The urine is treated with copper sulfate 
and calcium hydroxide as described on page 615 in Van Slyke’s method 
for removal of glucose. The treatment also removes other interfering 
substances (11) almost as completely as the ether extraction, and is 
considerably simpler than the ether extraction. Twenty cubic centi- 
meters of the the filtrate, equivalent to 2 cc. of urine, are transferred 
to flask C of figure 79 and used for the lactic acid determination. 

Preparaiioii of blood 

If the proteins can not be precipitated within five minutes after the 
blood is drawn, the blood should be drawn into a receiver containing 
enough NaF or NEE 4 F to make a 1 per cent solution, in order to prevent 
lactic acid formation from glycolysis (3, 7, 15, 16). 

The proteins are removed from blood or serum by tungstic acid ac- 
cording to Folin and Wu (see page 65) . To 10 cc. or more of protein-free 
filtrate add one-tenth its volume of 25 per cent copper sulfate and 
enough dry calcium hydroxide to make the solution alkaline. The 
mkture is shaken at intervals for one-half hour and then centrifuged. 
Five cubic centimeters of the supernatant fluid from the lime and copper 
treatment, equivalent to 5/11 cc. of blood or serum, are transferred to 
the 300-cc. round flask of figure 79, and analyzed as described below. 

Oxidation 

The prepared filtrate or extract containing preferably 0.5 to 2.0 mg. 
of lactic acid is transferred to the 300-cc. round flask C of figure 79, and 
to it are added 4 or 5 cc. of 2 m phosphoric acid, 10 cc. of the 10 per 
cent manganous sulfate, a pinch of talcum powder to promote even boiling, 
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and enough water to bring the volume of solution to 80 or 100 cc. The 
flask is then connected to the condenser, and the condenser is con- 
nected to an empty receiving flask (without the bead tower). To re> 
move volatile products, such as acetone and acetoacetic acid, which 
could be titrated as aldehyde, the liquid in flask C is heated to boiling 
with a micro burner while a current of air is drawn through it and the 
empty flask for five minutes. (This preliminary heating and aeration 
may be omitted if no interfering volatile products are present.) The 
flame is then removed and aeration is stopped while a fresh receiving 
flask B and the bead tower shown in figure 79 are put in place. Into 
flask B are put 5 to 10 cc. of the sodium bisulfite solution and enough 
water to cover the beads in the tower when the fluid is drawn up into 
the latter by suction. Heating and aeration are then resumed, and 
0.01 X MnOo suspension is dropped in from the funnel tube at a rate 
of not more than 1 or 2 drops per second, until an excess has accumu- 
lated in the flask, giving the mixture a pink color. An actual excess of 
MnOo should be present for at least ten minutes. If the solution be- 
comes decolorixed more MnOo must be added. The addition of the 
oxidizing reagent should be continued until there is a no further tendency 
for the pink color to fade and until manganese dioxide separates out. 
This requires up to ten minutes. Aeration is carried out for a total of 
twenty minutes, time being counted from the moment the oxidation is 
started. The flame is then removed, the air current stopped, receiv- 
ing flask B lowered, and the tower rinsed 5 to 7 tunes with 5 cc. por- 
tions of water. 


Clausen titration 

The free bisulfite is oxidized to sulfate by adding 0.1 n iodine, 1 cc, 
of starch solution being used as an indicator, until there is a slight excess 
of iodine. This excess is removed by the addition of 1 drop of 0.1 x 
thiosulfate. 0.002 x iodine solution is then added to the point where 
1 drop of the iodine produces a clearly discernible change, but not a 
deep blue, in the colorless solution. The bisulfite combined with alde- 
hyde is then set free by adding a small amount of sodium bicarbonate 
(enough to discharge the blue color) in either the dry form or as the 
saturated solution. The sulfite set free is then titrated with the 0.002 
N iodine. If there is doubt about the final end-point more bicarbonate 
is added. If the end-point has been reached the blue color persists 
for IS seconds or longer; otherwise it fades quickly. 

A blank should be run on the reagents in such a manner as to include 
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any sulfite-binding material drawn into the apparatus by the air current. 
It is wise to exclude from the room where determinations are made all 
substances which may contain acetone or aldehyde vapor. If this can 
not be done the apparatus must be modified so that in-going air is washed 
through bisulfite. 


Calculation 


One cubic centimeter of 1 x iodine is equivalent to 0.5 millimole or 45 mg. 
cf lactic acid. Hence; 


yiillimoles of lactic acid per liter 


500 N (.1 - B) 
V 


Grams of lactic acid per liter = 

V 

v.iiere x is the normality of the iodine used for titration, A is the cubic centi- 
meter of iodine solution used to titrate the sulfite bound by aldehyde, 
B is the cubic centimeters of iodine used in a blank analysis, and T’ is the 
cubic centimeters of urine or blood represented in the sample. 

WTien X is 0.002 and the sample represents 2 cc. of urine, this calculation 
becomes: 

Millimoles of lactic acid per liter urine = 0.5 (.4 — B) 

Grams of lactic acid per liter urine = 0.045 (.4 — B) 

WTien the urine must be freed of proteins and the sample represents 
10 6 of a cc. the above formulae are changed to 0.6 (.4 — B) and 0.054 
(A — B) respectively. 

WTien the sample represents 5/11 cc. of blood the calculation becomes: 
M illimoles of lactic acid per liter blood = 2.22 (.4 — B) 

Milligrams of lactic acid per 100 cc. blood == 19.8 (.4 — B). 


Precautions 

If the results are to be compared with those normal for resting subjects 
the subject should avoid muscular exertion for a half-hour before the 
sample is taken. Exercise may markedly increase the lactic acid content 
(see volume I). 

If the blood is allowed to stand at room temperature the glucose in it 
is converted to lactic acid by autoglycolysis (7, 15, 16). To prevent this 
the proteins should be precipitated as early as possible after the blood is 
withdrawn. If delay can not be avoided the blood should be kept at 
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refrigerator temperature or treated with 2 mg. of ammonium or potassimn 
fluoride per cubic centimeter. - 

Many substances, especially hydroxy-acids, yield bisulfite binding sub- 
stances on oxidation. The reflux condenser reduces this efiect by allowing 
only the more volatile products to be carried over; this is true, however^ 
only if the condenser is kept cool. 

COLORIMETRIC METHOD FOR BLOOD. MENDEL AND GOLDSCHEIDER (21) 

Principle 

The proteins are precipitated by metaphosphoric acid. The filtrate is 
cleared of carbohydrates by precipitation with copper and lime. The lactic 
acid is converted by heating with concentrated sulfuric acid into acetalde- 
hyde and carbon monoxide (Deniges (6)). Veratrol (pyrocatechol dhnethvl 
ester, C6H4(OCH3)2) is added, and the color formed by its reaction with 
acetaldehyde measures the amount of the latter present. 

Reagents 

Five per cent metaphosphoric acid solution, freshly prepared the same day 
from glacial phosphoric acid. 

Copper sulfate solution. A saturated solution is prepared (about 30 grams 
of crystalline salt to 100 cc. of water), and is diluted with an equal volume 
of water. 

Calcium hydroxide. 

Concentrated sulfuric acid. The sulfuric acid must be tested as follows. 
To 3 cc. of it 0.1 cc. of the 0.125 per cent veratrol solution is added. If in. 
the course of a few minutes a yellow color develops the acid can not be used. 
Probably such color is caused by the presence of nitrates or nitrites. 

0.125 per cent veratrol solution in absolute alcohol. 

Mendel and Goldschneider used Kahlbaum’s reagents. 

Standard lactate solution. Dissolve in water 171 mg. of crystalline calcium 
lactate, Ca (0311503)2 -5 H2O, in water in a 100-cc. flask and dilute to the 
mark. Or, if the anhydrous salt is used, dissolve 121 mg. The solution 
contains 1 mg. of lactic acid per cubic centimeter. 

To make the dilute standard used for comparison in blood analyses, 
dilute 1 cc. of this solution to 100. 

^ Evans (7) found that potassium fluoride greatly retarded the formation of lactic add 
at room temperature. Stadie (personal communication) has found that ammoniuE 
fluoride is more efficient, and prevents glycolysis in shed blood even at 38°. 
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Procedure 

Protein precipitation. One cubic centimeter of blood + 6 cc. of 
water -f- 1 cc. of metaphosphoric acid are mixed, and shaken vigorously. 
After the mixture has stood for some minutes it is filtered. 

Removal of carbohydrates. Four cubic centimeters of the water- 
clear, protein-free filtrate are placed in a centrifuge tube. One cubic 
centimeter of the copper sulfate solution is added, followed by 1 gram 
of the calcium hydroxide. The mixture is permitted to stand thirty 
minutes, during which period it is shaken several times. It is then 
centrifuged. 

Decomposition of lactic acid into acetaldehyde. Of the sugar- 
free supernatant solution 0.5 cc., equivalent to 0.05 cc. of blood, is care- 
fully removed with a pipette and transferred to an absolutely clean and 
dry test tube. Three cubic centimeters of concentrated sulfuric acid 
are then added by drops, while the mixture is cooled by shaking in ice 
water. Then the tube is placed exactly four minutes in boiling water, 
and at once thereafter cooled in ice water. 

At the same time 0.5 cc. of the standard lactic acid solution is treated 
in the same manner. 

Colorimetric determination. After the tubes have cooled two 
minutes exactly 0.100 cc. of veratrol solution is added and mixed. 

After the tubes have stood exactly twenty minutes with veratrol at 
room temperature the colors are compared. 

Calculation 

10 5 

Milligrams of lactic acid per 100 cc. blood = ^ 

1.11 5 

Millimoles of lactic acid per liter blood — — — 

5 is the reading of the standard and U that of the unknown. 

Precautions 

The precautions already mentioned above against formation of lactic 
acid by exercise of the subject before the blood is drawn and by glycolysis 
afterw’ards are to be observed. 

It is extremely important that all apparatus used should be absolutely 
clean. The tubes used for heating the blood filtrate with sulfuric acid 
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should be cleaned with hot sulfuric acid, rinsed with distilled water, ana 
dried either over a flame or in an oven. They must be completely dry as 
well as clean. 

The sulfuric acid used should be kept in a closed bottle so that it: 
concentration will not be reduced by absorption of moisture from 
the air. 

After centrifugation of the copper-lime mixture it is not permissible to 
filter through paper, the best of which gives off substances that yield a color. 
The surface of the solution is often covered with a slight film of copper 
hydroxide. The pipette for withdrawal of the sample is inserted through 
this, and the sample is withdrawn without any of the particles. Some of 
the latter may stick to the outside of the pipette, and are wiped off before 
the sample is delivered into the final test tube. 

Remarks 

The reaction appears to be more specific for lactic acid than is the per- 
manganate oxidation. No color is given by acetone, beta-hydroxybutyric 
acid, acetoacetic acid, urea, uric acid, creatine, creatinine, glycocoU, alanine, 
or propionic acid. Pyruvic acid and formaldehyde give the reaction, but 
are not Hkely to be present. Sugar in even the slightest traces gives the 
reaction, but is completely removed by the treatment with copper and lime 
by the Salkowski-Van Slyke method. 

The determination can be carried out with 0.5 cc. instead of 1 cc. of blood, 
the reagents for removal of proteins and carbohydrate being likewise halved. 

An artificial standard solution can be made by diluting an alcoholic solu- 
tion of carbol fuchsin and adding a slight amount of orange G, so that the 
color matches that obtained with the standard lactate solution. 

It is a peculiar fact that the aldehyde does not seem to volatilize from 
the heated solution. Mendel and Goldschneider obtained a maximum in 
4 minutes heating, and no change if the heating was prolonged four minutes 
more. Hopkins (8) used a similar colorimetric procedure in semi-quantita- 
tive tests for lactic acid, in which he heated with sulfuric acid and added 
thiophene, instead of veratrol, to develop the color. Although acetaldehyde 
added alone was volatilized when so heated, the substance that gave its 
color reaction was not. 

GASOMETRIC METHOD EOR BLOOD. AVERY AND HASTINGS 

This method is described on page 427, in the gasometric chapter. 
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Acetone, Acetoacetic Acid, and Beta-iiydroxybutyric Acid 

PRINCIPLES OF METHODS 

Under the term ‘‘acetone bodies” are included by usage in physiological 
chemistry acetone, acetoacetic acid, and /3-hydroxybutyric acid. Aleticu- 
louslv considered, the term is a misnomer: the things indicated by it are 
substances rather than bodies; and only one of these is acetone. 'hVcetone 
bodies,” however, has justified its emplo}Tnent by long survival as a conven- 
ient name for the group. 

Phvsiologically these substances are related in that the}’ are formed to- 
gether in the organism whenever oxidation of fat occurs without the simul- 
taneous oxidation of at least one-half molecule of glucose for each molecule 
of fatty acid (17) Chemically, acetoacetic acid is an oxidation product of 
i-hydroxybut}Tic acid, and acetone is formed by spontaneous decomposition 
of acetoacetic acid, as indicated in the diagram below. 
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,d-hydroxybiit}Tic acid has been extracted from urine by organic solvents 
and determined by means of the polariscope (3, 11) As a rule, however, it 
is determined as acetone after conversion by oxidation and heat (16). The 
latter method only has been applied to blood. Acetoacetic acid is decom- 
posed almost instantly at the boiling temperature into acetone, and all 
methods for its determination are based on this decomposition. Preformed 
acetone can be separated from acetoacetic acid by driving off the acetone 
with a current of cold air (7) into iodine solution, and determined by 
titration. 

Methods used most for the determination of acetone have depended on the 
following four reactions. 
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1. Messingcrs iodomctric iodine fitration (13). The acetone is distillf - 
into a solution of alkaline iodine which reacts to form iodoform with th 
utilization of 6 atoms of iodine for each molecule of acetone, as indicate- 
by the following equation: 

CHiCOCHs + 61 + 4 KOH = CH 3 COOK + CHI 3 + 3 KI + 3 HnO. 

Because 1 molecule of acetone reacts with 6 molecules of iodine, and io+- 
metric titration can be made in very dilute solutions, this reaction is we’i 
suited to micro analyses. One cubic centimeter of 1 n iodine reacts nitr 
9.67 mg. of acetone. Iodine as dilute as 0.001 n can be used, of which 1 cc 
titrates appro.ximately 0.01 mg. of acetone (10). 

2. Scoit-Wilson's precipiiaiion with mercuric cyanide. Scott-Wilson ('15, 
worked out the conditions required for quantitative precipitation of aceton: 
with mercuric cyanide and alkali b}'' a reaction which had been discoverer 
by INIarsh and Struthers. The precipitate, which is extremely insoluble ir. 
alkaline solution, was redissolved in nitric acid, and the mercury was ti- 
trated with standard sulfocyanate solution. Marriott (12), and Folin (8- 
substituted for titration nephelometric estimation of the precipitate. This 
permits determination of very small amounts, but in the experience of the 
authors is difficult to perform wdth any accuracy. 

3. Deniges’ precipitation with mercuric sulfate. Deniges (5) showed that 
acetone boiled wdth mercuric sulfate and sulfuric acid forms a crystalliDe 
precipitate w’eighing tw'enty times as much as the acetone. Acetone can 
be determined either by weighing the precipitate or by dissolving it and ti- 
trating the mercury. Van Slyke (19) and Van Slyke and Fitz (20) have 
applied the method to analyses of urine and bloods. 

4. Color formation with salicylaldehyde and alkali. Fabinyi (6) in 190J 
show’ed that wmrming with alkali causes condensation of 1 molecule of ace- 
tone wdth 2 of salicylaldehyde, wdth formation of the red dye, dihydroxy- 
benzal-acetone. 


H H 



Frommer (9) applied the reaction to qualitative detection of acetone fc 
urine, and found that he could detect acetone in a dilution of 0.01 mg. per 
cubic centimeter. Csonka (4) devised a quantitative colorimetric technique 
for urine analysis. The procedure has been further developed by Beke 
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and Benedict (I, 2! v/ho applied it not only to preformed acetone in urine, 
but also to total acetone bodies in both blood and urine. 

The colorimetric procedure suffers at present under one disadvantage. 
Some preparations of salicylaldehyde, even when redistilled and apparently 
pure, do not react satisfactorily, and the cause is still unknown. 

Choice of methods 

The smallest amount of acetone that can be determined with about 
i:10 per cent accuracy by each of the three methods to be described is 
indicated by the follovdng. 

Messinger-Hubbard titration, 0.01 mg. titrated by 1 cc. of 0.001 n iodine. 

Behre-Benedict colorimetric method, 0.025 mg. determined in blood 
analysis by comparison with most dilute standard. 

DenigesA’an Slyke gravimetric method, 0.05 mg. of acetone measured 
by 1 mg. of precipitate. 

With regard to specificity, and consequent simplicity and ease of applica- 
tion, the methods rank in reverse order. The Messinger iodine titration is 
affected by so many substances that in determination of hydroxybutyric 
acid or total acetone substances in blood or urine two or three, and in blood 
four distillations are required to free the acetone from interfering substances 
before the titration can be applied. The salicylaldehyde color reaction is 
more specific, and only one distillation is required to separate the acetone 
from interfering substances. The Deniges-Van Slyke mercuric sulfate 
precipitation is so specific that it is carried out directly in blood or urine fil- 
trates. Also the Van Slyke hydroxybutyric acid determination is carried 
out with only one addition of dichromate, while the other methods require 
repeated additions during a carefully regulated distillation. 

For combined simplicity and accuracy the Deniges-Van Slyke precipita- 
tion appears to be the method of choice w'hen, as is ordinarily the case in 
clinical work, one washes to determine the presence or extent of a definite 
ketosis. The colorimetric method is an alternative procedure. These 
procedures suffice to measure an}' abnormal increases in the ketones in blood 
or urine. When, however, one desires to measure physiological variations 
in the slight amounts of ketone bodies that occur in blood or urine under 
normal metabolic conditions, or to study ketosis with minimum samples of 
blood, the sensitive iodometric method as applied by Hubbard is the one of 
choice. 

In clinical studies of ketosis the ‘Total acetone bodies” determination is 
usually the one which }'ields the desired information. 
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GRAVIMETRIC AND TITRIMETRIC DETERMINATIONS OE ACETONE BODIES I^■ 
URINE BY VAN SLYKE’S METHOD WITH DENIGES’ REAGENT (19) 

Reagents 

Tu'enty per cent copper sulfate. Two hundred grams of CUSO4 • 5 HoO dis- 
solved in water and made up to 1 liter. 

Ten per cent mercuric stdfate. Seventy- three grams of pure red mercurir 
oxide dissolved in 1 liter of H2SO4 of 4n concentration. 

Fifty volume per cent sulfuric acid. Five hundred cubic centimeters of sul 
furic acid of 1 .836 specific gravity, diluted to 1 liter with water. Concentra- 
tion of H2SO4 must be readjusted if necessary to make it 17,0 n by titration. 

Ten per cent calcium hydro.xide suspension. Mix 100 grams of Merck's 
fine, light, “reagent” Ca(OH)2 with 1 liter of water. 

Five per cent potassium dichromate. Fifty grams of KoCr207 dissolved in 
water and made up to 1 liter. 

Combined reagents for total acetone body determination. One liter of the 
above 50 per cent sulfuric acid, 3.5 liters of the above 10 per cent mercuric 
sulfate, 10 liters of water. 

Preserv'atives other than toluene or copper sulfate should not be used with 
the urine. 

Removal of glucose and other interfering substances from lirine by precipitation 

with copper and lime 

Place 25 cc. of urine in a 250-cc. measuring flask. Add 100 cc. of 
water, 50 cc. of copper sulfate solution, and mix. Then add 50 cc. of 10 
per cent calcium hydroxide, shake, and test with litmus. If not alkaline, 
add more calcium hydroxide. Dilute to the mark and let stand at least 
one-half hour for glucose to precipitate. Filter through a dry folded 
filter. This procedure will remove up to 8 per cent of glucose. Urine 
conta inin g more should be diluted enough to bring the glucose down to 
8 per cent. The copper treatment is depended upon to remove inter- 
fering substances other than glucose, and should therefore never he 
omitted f even when glucose is absent. The filtrate may be tested 
for glucose by boiling a little in a test-tube. A precipitate of yellow 
cuprous oxide will be obtained if the removal has not been complete. 
A slight precipitate of white calcium salts always forms, but does not 
interfere with the detection of the yellow cuprous oxide. 
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DeterminatioH of acetone and acetoacetk acid 

Acetoacetic acid is decomposed in boiling solution to CO 2 and acetone. 
This acetone and the preformed acetone are precipitated together by 
mercuric sulfate. 

Place in a 500-cc. Pyrex Erlenmeyer flask 25 cc. of urine filtrate. 
.Add 100 cc. of water, 10 cc. of 50 per cent sulfuric acid, and 35 cc. of the 
10 per cent mercuric sulfate. Or in place of adding the water and rea- 
gents separately, add 145 cc. of the ‘‘combined reagents.^' Connect 
the flask with a reflux condenser having a straight condensing tube of 8 
or 10 mm. diameter and heat to boiling. Boil gently for thirty minutes, 
and no longer. Longer boHing than forty-five minutes splits off a little 
acetone from the hydroxybutyric acid which is always present. 

The precipitate may either be filtered at once from the hot solution or 
after the latter has cooled. The precipitate is collected on a Gooch or 
porous bottomed glass crucible and washed with about 200 cc. of cold 
water. Filtration of the coarsely granular precipitate is quick. 

For gravimetric determination the crucible and precipitate are dried 
for an hour at 110°. The crucible is cooled in room air and weighed. 
Several precipitates may be collected one above the other without clean- 
ing the crucible. 

As an alternative to weighing, the precipitate may be dissolved in 1 n 
hydrochloric acid and titrated as described later. If this is to be done 
one may, instead of washing the precipitate in a porous crucible, wash it 
on a small quantitative filter paper without suction. 

Simultaneous determination of total acetone bodies {acetone, acetoacetic acid, 
and hydroxybutyric acid), in one determination 

Place in a 500-cc. Pyrex Erlenmeyer flask 25 cc. of urine filtrate. Add 
water and mercuric sulfate and heat to boiling exactly as in the above de- 
scribed determination of acetone and acetoacetic acid. After boiling 
has begun add 5 cc. of the dichromate through the condenser. Con- 
tinue boiling gently for one and one-half horns. The yellow precipitate 
which forms consists of the mercury sulfate-chromate compound of the 
preformed acetone, the acetone which has been formed by heat decom- 
position of the acetoacetic acid, and the acetone which has been formed 
by dichromate oxidation of the hydroxybutyric acid. 

The precipitate is collected and weighed or titrated as described above 
for acetone and acetoacetic acid. 

The oxidation of ^-h\flroxybutyric acid to acetone is not complete. Part 
of the i3-hydroxybutyric acid is oxidized to acetic acid instead of to acetone 
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(19). Under the conditions outlined above, one molecule of ;3-hydro.\v- 
but\Tic acid fields 0.75 molecule of acetone. If the oxidation occurs in th» 
cold, however, the greater part of the product is acetic acid. For this reason 
the dichroniafc ynust not be added until the solution has beeii raised to the hoiliv,: 
point, as directed. 

Normal urines give precipitates of 1 to 20 mg. in this total acetone bodies 
determination. 


^-hydoxybutyric acid 

The p-hydroxybutyric acid alone is determined exactly as total ace- 
tone bodies except that the preformed acetone and the acetone from the 
acetoacetic acid are first boiled off. To do this the 25 cc. of urine 
filtrate plus 100 cc. of water are treated with 2 cc. of the 50 per cent 
sulfuric acid and boiled in the open flask for ten minutes. The volume 
of solution left in the flask is measured in a cylinder. The solution is 
returned to the flask and the cylinder washed with enough water to re- 
place that boiled off and restore the volume of the solution to 127 cc. 
Then 8 cc. of the 50 per cent sulfuric acid and 35 cc. of mercuric sulfate 
are added. The flask is connected under the condenser and the deter- 
mination is continued as described for total acetone bodies. 

Blank determination of precipitate from substances in urine other than the 

acetone bodies 

A 25 cc. aliquot of urine filtrate is treated with sulfuric acid and 
water and boiled ten minutes to drive off acetone as in the above p-hy- 
droxybutyric acid determination. The residue is made up to 175 cc. 
with the same amounts of mercuric sulfate and sulfuric acid used in the 
above determinations, but without chromate, and is boiled under the 
reflux for forty-five minutes. Longer boiling splits off some acetone 
from p-hydroxybutyric acid, and must therefore be avoided. The 
weight of precipitate obtained may be subtracted from that obtained in 
the above determination. The blank is so small (from 1 to 9 mg.), that 
in our experience it is relatively significant only when compared with 
the small amounts of acetone bodies found in normal or nearly normal 
urines. In routine analyses of diabetic urines we do not determine it. 

Test of reagents 

When the complete total acetone bodies determination, including the 
preliminary copper sulfate treatment, is performed on a sample of dis- 
tilled water instead of urine no precipitate whatever should be obtained. 
This test must not be omitted. 
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Cakidation 

One milligram of u'-hydroxybutyric acid yields S.45 mg. of precipitate. 

One milligram of acetone yields 20.0 mg. of precipitate. 

One cubic centimeter of 0.2 m KI solution is equivalent to 1.3 mg. of pre- 
ioitate in titration of the latter. 

From these values the factors of table 55 have been calculated. 

TABLE 55 

Factors for .Vcetone Bodies ix Urixe bv V.ax Slvke’s Gravimetric or 
Titr.atiox Method 

For use when 25 cc. of urine filtrate, equivalent to 2.5 cc. of urine, are used for 
a determination 


DETEBlU.N'.iXION PEEl'OEilED 

FACrOS^ BY WHICH CM. 

OF PBECIPITATE ARE 
MCXTIPLTED TO CALCUL.\TE 
.ACETONE BODIES IN 
TEEMS OF 

r.ACTORS BY WHICH CUBIC 
CENTIMETERS OF 0.2 M 
K.I ARE LICLTrPI,IED TO 
C.\1CULATE ACETOXE 
BODIES IN- TERMS OF 


Grams of 
acetone per 
liter urine 

1 Millimoles 

1 per liter 
i urine 

Grams of 
acetone per 

1 liter urine 

Millimoles 
per liter 
urine 

.Acetone plus acetoacetic acid 

20.0 j 

345 

‘ 0.260 

4.48 

i-hvdroxybutyric acid 

26.4 1 

455 

0.344 

5.93 

Total acetone bodies 

24.8 1 

428 

0.322 

5.55 


The ‘‘total acetone bodies” factor is calculated on the assumption that the molecular 
oroportion of these bodies in the form of /3-hydroxj'butyric acid is 75 per cent of the total, 
v/hich proportion is usually appro.ximated in acetonuria. Because ;8-hydro.x>'butyric acid 
yields only 0.75 molecule of acetone, the factors are strictly accurate only when this propor- 
tion is present, but the error introduced by the use of the approximate factors is for or- 
dinary purposes not serious. The actual errors in percentages of the amounts determined 
are as follows: molecular proportion of acetone bodies as i3-acid 0.50, error— 6.5 per cent; 
j-acid 0.60, error— 3. S per cent; /3-acid 0.80, error -j- 1.3 per cent. 

In order to calculate the acetone bodies as ^-hydroxyhutyric acid rather than acetone, 
the acetone factors in table 55 are multiplied b\' the ratio of the molecular weights 

5-acld 104 

= = l.y9o. 

acetone 5S 

Titration of mercury precipitates {19) 

In all the above determinations titration of the mercury in the precipitate 
may be substituted for weighing the latter. The precipitate is redissolved 
in hydrochloric acid, and the mercury is titrated by Personne’s (14) method. 
For this titration two successive reactions of HgClo with KI are utilized. 
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1. HgCl, + 2 KI = Hgin + 2 KCl 

red precipitate 

2. Hgl, + 2 KI = KoHgK 

colorless solution. 

When KI is run into mercuric chloride solution one first observes forma- 
tion of the red precipitate. Then when with further KI addition, 4 mole- 
cules of KI per molecule of HgClo have been added, the precipitate redis- 
solves and a clear solution is obtained again. At the end-point adding a 
drop of mercuric chloride solution will cause a red precipitate and a drop of 
iodide will redissolve it. The sharper end-point is obtained by adding mer- 
curic salt to iodide, so that appearance of red precipitate marks the point. 
Hence in the present titration standard KI is added until the Hglo first 
formed redissolves: then the excess KI is titrated back with standard HgCb 
solution until a permanent trace of the precipitate reappears. 

The total reaction utilized is therefore: 

HgCb -b 4 KI = KoHgK + 2 KCl, 

One molecule of HgClo reacts with 4 of KI, so that 0.05 M HgCb solution 
should titrate an equal volume of 0.20 M KI, according to the above equa- 
tion. x\ctually about 4.2 molecules of KI are required to titrate one of 
HgClo. 


Reagents 

0.05 mercuric chloride prepared by dissolving 13.576 grams of mercuric 
chloride in water and diluting to one liter. The solution is standardized as 
follows: 25 cc. of 0.05 m mercuric chloride are diluted to about 100 cc., and 
hydrogen sulfide is run in until the black precipitate flocculates, leaving a 
a clear solution. The mercuric sulfide is collected in a Gooch crucible, dried 
at 110°C., and weighed. If the solution is accurate the precipitate should 
weigh 0.2908 grams. 

0.2 M KI solution. Theoretically this solution should contain 33.2 grams 
of KI per liter. Actually about 5 per cent more than the theoretical 4 mole- 
cules of KI is required to titrate the mercury. The iodide solution is there- 
fore made as follows. Thirty-sLx grams of KI are dissolved in water and 
made up to 1 liter, and the solution is titrated against the standard 0.05 ii 
HgCh. 20 cc. of the iodide are measured into a flask and the mercuric 
chloride is run in until the end point is reached. Somewhat more than 20 cc. 
of the 0.05 M HgCb will be required. From the titration one calculates 
how much to dilute the iodide solution in order to make it exactly balance 
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the bichloride solution. Expressing the cubic centimeters of 0.05 ii HgCb 
used in titrating 2U cc. of iodide as J , and the volume of iodide solution 
remaining in the stock dask as 1', enough water is added to the stock solution 
to increase its volume from 


r cubic centimeters to — X I* cubic centimeters. 


1 .V hydrochloric acid. 

3 -v sodium acetate. 408 grams of crystalline NaC 2 H 302 - 3 Ho 0 or 246 
grams of anhydrous XaQHsOi are dissolved in water and made up to a liter. 

Titration procedure 

If a Gooch crucible has been used to coUect the precipitate it is in- 
verted over a small beaker and the asbestos mat and precipitate are 
blown into the beaker. Any particles adherent to the crucible walls are 
washed into the beaker with as little water as possible. Then IS cc. of 
1 N hydrochloric acid are added and the mixture is warmed until the 
precipitate dissolves. If a porous bottomed alundum or glass crucible 
has been used it is set into a small beaker with 15 cc. of 1 n hydrochloric 
acid and heated until the precipitate dissolves. The crucible is then 
washed with suction by 3 portions of about 5 cc. of water each, the suc- 
cessive washings being added to the beaker. In place of using either a 
Gooch or porous bottomed crucible one may, when titration is to be em- 
ployed, wash the precipitate without suction on a small quantitative 
filter paper, which is transferred with precipitate to the beaker and 
broken up with a rod in the 15 cc. of 1 n acid, which is then warmed to 
dissolve the precipitate. 

In order to obtain a good end-point in the subsequent titration, it is 
necessary to reduce the acidity of the solution. For this purpose, 6 to 
7 cc. of 3 M sodium acetate solution are added to the solution after it has 
been cooled. 0.2 m potassium iodide is then nm in rapidly from a bur- 
ette with constant stirring. If more than a small amount of mercury is 
present, a red precipitate of mercuric iodide at once forms, but redis- 
solves as soon as 2 or 3 cc. of potassium iodide in excess of the amount 
required to form the soluble potassium mercuric iodide have been added. 
Addition of potassium iodide is then stopped. If only a few milligrams 
of mercury are present, the excess of potassium iodide may be added 
before the mercuric iodide has had time to precipitate, so that the titrated 
solution remains clear. In this case S cc. of potassium iodide are 
added, as it has been foimd that the final titration is not satisfactory if 
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less is present. The excess of potassium iodide is titrated back by 
adding 0.05 m mercuric chloride from another burette until a permanent 
red HgL precipitate forms. 

For small precipitates the volume of 1 n hydrochloride acid and ace- 
tate solutions used may be reduced to one-half or one-third that above 
directed, with corresponding sharpening of the end-point. 

Calculation 

(.4 — J5) X fJilor = acetone bodies. 

A represents cubic centimeters of 0.2 m potassium iodide and B the cubic 
centimeters of 0.05 m mercuric chloride used in the titration. The values of 
the factor for the different analyses are given in tables 55 and 56. These 
factors are calculated by utilizing the fact that the mercuric-sulfate-acetone 
precipitate is 76.9 per cent mercury (19) whether chromate is present or ab- 
sent during the precipitation. Each cubic centimeter of 0.2 M potassium 

10.0 

iodide solution is equivalent to 10.0 mg. of Hg, and hence to = 13.0 

13 

mg. of mercuric-sulfate-acetone precipitate, and to ~ = 0.65 mg. of acetone. 

COLORIMETRIC DETERMINATION OF ACETONE BODIES IN URINE. BEHRE AND 

BENEDICT (2) 

Reagents 

For the removal of sugar and other interfering substances by the Van Slyke 
method (until modified concentrations). Copper sulfate, 40 per cent solution, 
or powdered in a mortar. Calcium hydroxide, 20 per cent suspension, or 
dry. 

For the oxidation of ^-hydroxybutyric acid by the Shaffer-JSzibbard method. 
Fifty per cent concentrated sulfuric acid made by adding 1 volume of con- 
centrated acid to 1 volume of water. 0.2 per cent potassium dichromate 
solution. 

For the colorimetric determination of acetone. Sodium hydroxide, 32 per 
cent solution. Salicylicaldehyde. 

Behre and Benedict found great differences in the delicacy of the color 
reaction given by different samples of salicylaldehyde. A sample of Kahl- 
baum’s technical salicylaldehyde proved very satisfactory, as did also Eimer 
and Amend’s high grade product labelled “Acid salicylous, synthetic (sali- 
cylicaldehyde).” Samples from the Eastman laboratory, though less 
deeply colored than the Eimer and Amend product, did not yield nearly so 
deep a color with a given amount of acetone as did the other samples used. 
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Sta/ulard acdone sohdiofis 

Stock solution. This contains 0.1 mg. of acetone per cubic centimeter. 
It is most easily prepared from a solution containing 1 cc. of acetone in 1 
liter ot water, whose actual acetone content by tveight has been determined 
by titration with 0.1 x iodine as described on page 638. The stock solution 
should be prepared from this to contain U.l mg. of acetone per cubic centi- 
meter. This solution can be kept for about a month without deterioration. 

Standard solution. By 1:10 dilution of the stock solution a standard 
solutioHj containing 0.01 mg. per cubic centimeter, is prepared for use in 
the actual determination. It is best to make up this dilute solution every 
second day, and to keep it will corked when not in use.^ 

Acetone and Acetoacetic Acid 

Such a volume of urine as will contain about 0.1 mg. of acetone 
(usually from 2 to 50 cc. are required), is transferred to a 100 or 150-cc. 
distilling flask, the volume made up to about 75 cc. with distilled water, 
and 3 or 4 drops of sulfuric acid, diluted 1 : 1, are added. The flask is 
tightly fitted with a cork stopper and connected with a water-cooled 
condenser. The condenser is provided with a bent glass tube which 
has been drawn out long enough to a sufiBciently small diameter to reach 
to the bottom of a 25 or 50 cc. volumetric flask, and which dips below the 
surface of a minimum amount of water in the flask. None of the con- 
nections should be of rubber. Rubber stoppers covered with tin-foil, 
or cork stoppers, often renewed, can be used. The preformed acetone 
and acetone from diacetic acid are then distilled into the 25 or 50-cc. 
flask. Except when very large amounts of acetone are present a distil- 
lation to 25 cc. gives good results. When the distillate has almost 
reached the volume desired, the bent tube is disconnected and washed 
out with a few drops of water, and the distillate made up to volume and 
mixed. Five cubic centimeters of the distillate are transferred to a test 
tube and exactly 5 cc. of a 32 per cent solution of sodium hydroxide and 
10 drops of salicylic aldehyde are added. Standards are prepared in 
test tubes at the same time from the dilute (0.01 mg. per cubic centi- 
meter) acetone solution. By using from 0.5 to 5 cc. of this solution a 
range of standards containing from 0.005 to 0.05 mg. can be made. Un- 
less the approximate acetone content of the unknown solution is known, 
standards contain in g 0.005, 0.01, 0.02, 0.03, and 0.05 mg. had best be 


^ Behre (1) has prepared for approximate determinations permanent artificial standards 
by diluting a mixture of 1 part of potassium dichromate and 10 parts of cobalt chloride. 
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made. In each case the volume of the standard solution must be made 
to 5 cc. Exactly 5 cc. of 32 per cent sodium hydroxide and 10 drops of 
salicylic aldehyde are also added to each of the standard tubes. The 
contents of the tubes are mixed by side to side shaking and the tubes 
then immersed in a boiling water bath for from three to five minutes. 
If the salicylic aldehyde does not dissolve easily the tubes must be 
shaken until solution is effected. After the heating the tubes are re- 
moved and allowed to cool, the solutions filtered, and colorimetric 
comparison is made. The standard used should be of such a concen- 
tration that the unknown solution gives a reading between 11 and 19 
mm. with the standard set at 15 mm. 

Calculation 

02 S X A XD 

^ = grams of acetone in 1 liter urine. 


0.45 5 X -4 X D 
U XV 


millimoles of acetone per liter urine. 


6" = reading of standard; U = reading of unknown; A = milligrams of ace- 
tone in standard; V = cubic centimeters of urine distilled;!) = cubic centi- 
meters of total volume of distillate (of which 5 cc. are used for colorimetric 
measurement) . 


^-hydroxybutyric acid 

If jS-hydroxybutyric acid is to be determined in addition to acetone, 
sugar and other interfering substances must be removed, even from 
normal urine, before any distillation is made. For this the urine is 
treated with copper sulfate and calcium hydroxide according to the Van 
Slyke procedure (19). In order to keep down the volume of solution to 
be distilled, however, the urine is diluted 1:5 instead of 1:10, using 1 
volume of urine, 1 volume of 40 per cent copper sulfate solution, and 
enough of a 20 per cent suspension of calcium hydroxide to make the 
reaction alkaline to litmus (probably 1 volume). The whole mixture is 
then made up to five volumes. If the urine is very low in acetone bodies 
the copper sulfate can be powdered in a mortar and both this and the 
calcium hydroxide added in powdered form. The copper sulfate should 
be dissolved before the calcium hydroxide is added. The mixture must 
be shaken very thoroughly and allowed to stand for one-half or three- 
quarters of an hour, with occasional shaking. It is then filtered and a 
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volume of the filtrate equivalent to from 2 to SO cc. of urine (depending 
on the acetone content) placed in a 300-cc. distilling flask and made 
acid with 3 or 4 drops of 50 per cent sulfuric acid. The volume is made 
up to about 75 cc., the flask is fitted with a dropping funnel and con- 
nected with a water-cooled condenser, and the distillation and determi- 
nation of acetone and diacetic acid are carried out as described above. 

After distillation of the preformed acetone, a 100-cc. receiving flask is 
substituted for the 25-cc. flask, the residue in the distilling flask is 
brought to a boil, and 30 cc. of half concentrated sulfuric acid and 20 cc. 
of 0.2 per cent potassium dichromate are added gradually through the 
dropping funnel while a slow distillation goes on. Fifty cubic centi- 
meters more of the dichromate are added after ten minutes and SO cc. 
more after another interval of ten minutes. The process differs from 
the Hubbard method only in that the distillation is made very slowly and 
the volume of distillate kept down to 100 cc. The distillation should 
occupy at least thirty minutes. When the distillation to 100 cc. is al- 
most complete the receiving apparatus is again disconnected, the bent 
tube washed down with a little water, and the distillate made up to 100 
cc. and mixed. 


Calculation 

0.2 S X X -P _ 0.235 S X A X D _ Jhydroxybutyric acid expressed as grams 
U XV y. 0.85 U X V I acetone per liter urine. 


0.425 S X AX D 
U X V 

4.05 SXAXD 


= grams of hydroxj’-butyric acid per liter urine. 


u X V 


= millimoles of hydroxybutjTic acid per liter urine. 


The letters have the same significance as in the acetone -f- acetoacetic acid 
calculation above. The factor 0.85 is introduced because each molecule of 
hydrox}rbut\Tic acid \delds only 0.85 molecule of acetone. 

Total acetone bodies 

The total acetone bodies are determined exactly like the hydroxybutyric 
acid, except that the preliminary removal of the preformed acetone and 
acetoacetic acid by distillation before the dichromate is added is left out. 
Consequently the acetone from these sources is obtained in the same distilla- 
tion with that from the o.xidized hydroxybutvric acid. 
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Cukiilation 


0.22 S X A XD 
V X r 


total acetone bodies in grams of acetone per liter of urine. 


3.S Sx A X D 


= millimoles of total acetone bodies per liter of urine. 


The factor 0.91 is introduced on the assumption that 75 per cent of the 
total acetone bodies are in the form of hydroxybutyric acid, >’ielding 0.85 
mole of acetone, and 25 per cent in the form of acetone and acetoacetic acid, 
yielding acetone quantitatively (see note below Table 55). 

lODOMETRIC DETERXIINATIOX OE ACETONE BODIES IN URINE BY HUBBARD’S" 
(10) ilODIEICATION OF SHAFFER’S (17) METHOD 

The method depends on the removal of sugar and other interfering sub- 
stances by alkahne lead acetate and copper sulfate, the transformation of 
diacetic acid and.d-hydroxybutjTic acid into acetone by hot sulfuric acid and 
acid dichromate, and distillation and iodometric titration of the acetone. 
Each molecule of hydroxybutjTic acid fields about 0.85 molecule of acetone 
by the dichromate oxidation. 


Reagents 

Goulard's extract. Rub 110 grams of finely powdered lead oxide into a 
smooth paste with about 100 cc. of water. Dissolve 180 grams of lead 
acetate in about 700 cc. of boiling water. Add the lead acetate solution 
slowly to the lead oxide. Boil the mixture in a porcelain dish of about 1 
liter capacity for half an hour, stirring occasionally, and adding water as 
required to maintain the original volume. Cool and filter the solution, pro- 
tecting it as much as possible from the air. Make the solution up to a 
weight of 1000 grams vdth water which has been previously boiled and cooled 
(U.S.P., 1916, 9, 249). 

A 20 per cent solution of copper sidfate (CuSO^- 5 H 2 O). 

Sodhan hydroxide sohition, 2 N. 

Fifty per cent sulf uric acid (1 volume concentrated sulfuric acid plus 1 
volume water). 

A 10 per cent sodium hydroxide solution. 

Potassium permanganate crystals. 

Sodium peroxide. 

* Hubbard’s analjiical methods here given, both for blood and urine, differ in certain 
■ details from the procedures originally described. For these changes the authors are 
indebted to Dr. Hubbard to whom the manuscript was submitted for correction. 
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Iodine in potassium iodide. A stock 0.1 x solution of iodine containing 25 
grams of potassium iodide per liter. {'For preparation and standardization 
see p. 34 ;. This solution is diluted with 2.5 per cent potassium iodide solu- 
tion, to O.Ul or 0.U2 X for use ivith urines containing but slight amounts of 
acetone. 

Standard tkiosulj'atc solution. A stock 0.1 x solution of sodium thiosul- 
fate (for preparation and standardization see p. 32). One cubic centimeter 
of 0.1 X iodine titrates 0.9665 mg. of acetone. Hubbard recommends the use 
of 0.1035 X iodine and thiosulfate, 1 cc. of v.’hich titrates e.xactly 1 mg. of 
acetone. If, hovrever, thiosulfate and iodine are being used for other pur- 
poses it may be more convenient to use solutions of the usual normality. 

Starch indicator solution (for preparation see p. 34). 

Concentrated sodium hydro.xide, 2 parts by weight of XaOH in 3 of water. 

0.1 to 0.2 per cent potassium dichromate solution. 

Removal of sugar and other easily o.xidizcd compounds 

The urine to be examined must not contain more than 5 per cent of 
sugar. If the concentration of sugar exceeds 5 per cent, therefore, the 
urine must be diluted in advance of the analysis. Ten cubic centi- 
meters of urine (or diluted urine) are diluted to 100 to 150 cc. in a glass- 
stoppered 2S0-CC. graduated cylinder. To this are added 10 cc. of 
Goulard’s extract, 10 cc. of copper sulfate and 10 cc. of 2 x sodium 
hydroxide. Dilute the mixture to 250 cc. and after it has stood for 
about thirty minutes filter it. 

Acetone and acetoacetic acid 

To 150 cc. of the filtrate, in a 300-cc. Kjeldahl flask, add 10 cc. of 50 
per cent suLfuric acid. Insert in the flask a two-holed rubber stopper 
fitted with a dropping funnel in one hole and in the other a bent tube 
connecting with a condenser. Distill the fluid for ten minutes at such a 
rate that 50 cc. of distillate comes over in that time. The distillate 
should be collected in a 500-cc. flask containing a little water, in which 
the end of the delivery tube must be immersed. Make the distillate 
up to about 150 cc. Add to the distillate 5 cc. of the 50 per cent sulfuric 
acid and 0.2 gram of potassium permanganate and redistill into a second 
500-cc. flask containing a little water for ten minutes or more, until a 
final volume of about 100 cc. of redistillate is obtained. Care must be 
taken that none of the permanganate solution boils over. To the second 
distillate add about 0.5 gram of sodium peroxide and distill for ten 
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minutes into an Erlenmeyer flask containing a little water, until 50 to 
100 cc. of fluid is collected. For this distillation cork stoppers should 
be used and care must be taken at the start or the solution will foam 
over. 

For precise results one should clean the flask from which the final distilla- 
tion is made by boiling it out with dilute sodium peroxide just before the 
flask is used. It is also necessary that the laboratory be free from fumes 
of substances, such as ammonia and formaldehyde, which reduce iodine 
solution. 

When the urine gives a distinctly positive ferric chloride or nitro- 
prusside test, the purification from permanganate is unnecessary. In 
this case a single distillation from alkali by the method of Shaffer is 
simpler and reduces the chances of loss of acetone by vaporization. To 
the first distillate (from acidified filtrate) add about 5 cc. of 10 per cent 
sodium hydroxide and distill the solution into an Erlenmeyer flask con- 
taining a Httle water. The distillate from the alkaline solution is used, 
without further treatment, for the determination of acetone. 

Into the final distillate are accurately measured 10 to 25 cc. of the 
iodine-potassium iodide solution, 0.1, 0.02, or 0.01 n, depending on the 
concentration of acetone in the urine, as indicated by preliminary quali- 
tative tests. Then 2 cc. of concentrated sodium hydroxide are added, 
and the solution is mixed thoroughly and allowed to stand for ten 
minutes or more. It is now acidified with sulfuric acid and, after about 
five minutes, is titrated with thiosulfate of a concentration equivalent to 
that of the iodine used. A small amount of starch solution is added 
before the end-point is reached, to serve as indicator. 

Calculatiofi 

9.67 N (fl ~ B — C) ^ j acetone -j- acetoacetic acid calculated 

V I as grams of acetone per liter urine. 

166.7 X (A — B — C) _ (millimoles acetone -f acetoacetic 

V ^ acid per liter of urine. 

N is the normality (0.1, 0.02, or 0.01) of the iodine and thiosulfate used, 
A — the cubic centimeters of standard iodine used, B = cubic centimeters of 
thiosulfate used, C is the A — B value obtained in a blank analysis, and V = 
the cubic centimeters of undiluted urine used for analysis. F = 6, if the 
above directions are followed. 
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3-hydroxybutyric acid 

After acetone and acetoacetic acid have been removed by distillation 
as above described, replace the receiving flask by a second Kjeldahl 
flask containing a little water in which the end of the delivery tube is 
immersed. Then reheat the urine solution to boiling and add through 
the dropping funnel to the boiling solution 20 cc. of 50 per cent sulfuric 
acid and 30 cc. of 0.1 to 0,2 per cent potassium dichromate. Boil at 
such a rate that about 50 cc. distill in ten min utes. After ten minutes 
add 50 cc. of the same dichromate. Continue boiling and, after ten 
minutes, add another 50 cc. of dichromate. Continue boiling ten 
minutes longer. 

The distillate is then redistilled successively from acid permanganate 
and from sodium peroxide m the manner described for the determina- 
tion of acetone plus acetoacetic acid. If much acetone is present the 
redistillation from acid permanganate may be omitted and that from 
sodium peroxide alone may be used. 

The dete rmin ation in. the last distillate obtained is carried out as de- 
scribed for acetone plus acetoacetic acid. The value obtained gives the 
acetone from the oxidation of ,3-hydroxybutyric acid. 


11.4 X U - B - C) 
V 


20.4 N- {A - B - C) 
V 


Calculation 

J hydrosybutyric acid calculated as grams acetone per liter 
urine. 

j grams of hydroxybutyric acid calculated as such per liter 
^ urine. 


197 N- (.4 - B 
V 


C) 


~ millimoles of hydroxybutyric acid per liter urine. 


The letters in these formulas have the same significance as in the foregoing 
formula for calculation of acetone and acetoacetic acid. Here the factor 
1 1 .4 replaces 9.67 in order to allow for the fact that each molecule of hydroxy- 
butjTic acid yields onh' 0.85 molecule of acetone. 

Total acetone bodies 

If it is desired to determine acetone from all the acetone bodies simul- 
taneously, acetone from preformed acetone and diacetic acid is not distilled 
off before the addition of dichromate is begun. The acetone from all three 
acetone substances is collected in one distillate, and is redistilled from 
sodium peroxide, or successively from permanganate and peroxide, as in the 
foregoing description. 
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Calculation 

11 N C4 — B — C) ^ j granas of total acetone bodies calculated as acetone per liter 
V of urine. 

The factor 11 is correct when 75 per cent of the acetone bodies are 
hydro.xybutyric acid, which is about the average proportion in marked 
ketosis (see discussion of table 55). 


190 \ (-1 - B - C) 
V 


= millimoles of total acetone bodies per liter urine. 


GRAMMETRIC OR TRITRIMETRIC DETERMINATION OF THE ACETONE BODIES IN 
BLOOD WITH DENIGES’ REAGENT. VAN SLYKE AND FITZ (20) 

Reagents 

The 10 per cent mercuric sulfate, 50 per cent sulfuric acid, and 5 per cent 
potassium dichromate described on page 626 for determination of ketones 
in urine. 


Removal of proteins from whole blood 

Ten cubic centimeters of whole blood are diluted with about 100 cc. of 
water in a 250-cc. volumetric flask, and 20 cc. of the 10 per cent mercuric 
sulfate are added. The solution is shaken for a moment, until the pro- 
tein coagulates, and is then diluted with water up to the 250-cc. mark. 
If the blood is diluted with much more than 10 volumes of water before 
the mercmry is added, coagulation of the proteins is considerably slower. 
After fifteen minutes or longer it is filtered through a dry folded filter. 
If the first drops are cloudy they are passed through the filter a second 
time. The filtrate has a slight pink tinge, but the substance responsible 
for this is not precipitated when boiled with mercuric sulfate, and does 
not interfere with any of the acetone body determinations. 

Removal of protems fr07n plas^na or sertmi 

Eight cubic centimeters of oxalated plasma or of serum are diluted in 
a 200-cc. flhsk with SO cc. of water and 15 cc. of the 10 per cent mercuric 
sulfate are added. The flask is shaken for a moment, until the fine 
precipitate which first forms has flocculated, and is then filled to the 
mark with water. After standing fifteen minutes or longer the solution 
is filtered. 
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Stpdniit dctirminaiions of actiOnC plus acctoacetic acid and of ‘^-hydroxy- 
hiiiyric acid in a single poriion of blood filtrate 

Place 125 cc. of protein-free filtrate, representing 5 cc. of either whole 
blood or plasma, in a 500-cc. flask of Pyrex glass, and to it add 10 cc. of 
50 per cent sulfuric acid and 35 cc. of 10 per cent mercuric sulfate. The 
mixture is heated to boiling under a reflux condenser having a straight 
condensing tube of 8 or 10 mm. inner diameter, and is boded gently for 
thirty minutes. The hot solution is decanted off the precipitate through 
a Gooch or porous glass crucible with slight suction, and the filtrate is 
caught in a clean dry flask. 

After as much of the solution as possible has been filtered through, 
and before any wash water has been used, 160 cc. of the filtrate, equiva- 
lent to 4.7 cc. of blood, are transferred to another 500-cc. Erlenmeyer 
flask. This filtrate is heated to boiling under a reflux condenser, and 
5 cc. of 5 per cent potassium dichromate solution are added through the 
condenser. The determination of ^-hydroxy butyric acid is carried 
out from this point as described for total acetone bodies in urine. 

In the mean time the precipitate obtained from acetone and aceto- 
acetic acid during the first thirty minutes boilmg is collected in the 
crucible, washed with 200 cc. of cold water, and determined either by 
weighing or titration. 


Total acetone bodies 

Place 125 cc. of filtrate, equivalent to 5 cc. of blood or plasma, in a 
500-cc. Pyrex Erlenmeyer flask, add 10 cc. of 50 per cent sulfuric acid 
and 35 cc. of 10 per cent mercuric sulfate, and heat to boil under a reflux 
condenser as described for preceding analysis. When boiling has 
begun add 5 cc. of dichromate solution through the condenser. The 
remainder of the deter min ation is as described on page 627 for total 
acetone bodies in urine. 

In normal blood the total acetone bodies give only 1 or 2 mg. of 
precipitate. 

The mercury precipitates from all the blood acetone bodies 7niist be filtered 
u'hile the solutions are still hot, although the washing is done, as in tlie case 
of the urine precipitates, with cold water. If the solution and precipitate in 
a blood analysis are allowed to stand and cool before filtration is begun, a 
slight amount of flocculent precipitate may form from substances other than 
acetone, and cause a plus error in the results. 

Ether-containing blood. Short (18) has found that the amount of ether 
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in the blood of an anesthetized person may be sufficient to give a precipi- 
tate when boiled with mercuric sulfate and dichromate. The filtrate from 
such blood should be freed from ether by boiling for a few minutes, or by 
drawing a rapid current of air through it, before it is used for acetone 
body determination. 

Titration of the precipitate as described on page 629, may be used in 
place of weigliing if the concentration of acetone bodies is as much as 1 
millimolar, sufficient to take over 0.3 cc. of the standard KI solution. This 
is the case whenever ketosis is of clinical significance. 


Calculation 

The calculation factors given in table 56 are used. The principles of the 
calculation are the same as described for the calculation of urine results 
on page 629. 


TABLE 56 

F.actors roK. Acetone Bodies in Blood bv the Van Slvke-Fixz Gravimetric or 

Titration Method* 


For use when filtrate equivalent to 5 cc. of blood is used for a determination 


DETEHillNATtO.N- PEEPORlCED 

FACTORS BY WHICH MIELIGEAHS 
OP PREcmtTATE ARE 
UtTLTIPLIED TO C.AI.CUL.ATE 
ACETONE BODIES IN TERMS OP 

FACTORS BY WHICH CUBIC 
CENTIMETERS OP 0.2 M KI ARE 
MULTIPLIED TO aALCUTJtTE 
ACETONE BODIES IN TERMS OP 

Milligrams of 
acetone per 
100 cc. blood 

Millimoles 
acetone per 
liter blood 

Milligrams of 
acetone per 
100 cc. blood 

Millimoles 
acetone per 

1 liter blood 

Acetone plus acetoacetic acid .... 

1.00 

0.172 

13.0 

1 2.24 

|3-hydroxybutyric acid 

1.32 (1-40) 

0.228 (0.141) 

17.2 

2.96 

Total acetone bodies 

1.24 

0.214 

16.1 

2.78 


* The factors in parentheses are used when /J-hydroxybutyric acid is determined 
in the filtrate from the precipitated acetone and acetoacetic acid as described. In 
this case the amount of filtrate taken for the ;d-acid determination is equivalent to 


160 , , 

only of 5 cc. of blood, and the factor must be correspondingly increased. 


COLORIMETRIC DETERMINATION OF ACETONE BODIES IN BLOOD. BEHRE .AND 

BENEDICT (2) 

Reagents 

Same described for Behre-Benedict urine analysis. 

Acetone and acetoacetic acid 

The blood proteins are precipitated by the regular Folin-Wu method 
(see p. 65) making a dilution of the blood of 1 : 10. From 10 to 100 cc. 
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of the filtrate, depending on the acetone content, are transferred to a 
300-cc. distilling flask, 3 or 4 drops of 50 per cent sulfuric acid are added, 
the volume is made up to 50 to 75 cc., and distillation carried out as 
described for the determination in urine. The distillation is made 
into a 20-cc. receiving flask or graduated test tube unless the acetone 
content of the amount of blood used is known to be high (above 0.05 
mg.), in which case the distillation is made into a 25-cc. flask or grad- 
uated tube. If the amount of acetone in the filtrate used is known to 
be 0.1 mg., or more, the distillate may be made to 50 cc. In any case 
the distillation is stopped just before the desired volume has been 
reached, the distillate is made up to volume, and 5 cc. of the distillate 
are heated with alkali and salicylic aldehyde, cooled, and read in a 
colorimeter as described for the urinary determination. 


^-hydroxybtityric acid 

1. If the actual volume of filtrate used is known to contain enough 
,d-hydroxybutyric acid to yield 0.1 mg. of acetone or more, the distillation 
is carried out as described for the determination in urine, the volume of 
the distillate being kept within 100 cc., and finally made up to 100 cc. 
The colorimetric determination is made upon 5 cc. of the distillate, as 
described above for urine. 

2. If the volume of filtrate used is expected to contain less than 0.1 
mg., the distillation is carried out without regard to the volume of dis- 
tillate collected, and after the thirty-minute period, the distillate is re- 
distilled into a 20, 25, or 30-cc. volumetric flask (or graduated test tube), 
according to the amount of acetone expected. In any case the distillate 
is made up to volume and the acetone content of 5 cc. of the distillate 
determined as described above. 

The formulae given in the section on urinary determination may be used 
for all the calculations. 

lODOilETRIC DETERinXATION OF ACETONE BODIES IN BLOOD. 

HUBBARD (10) 

The general principles of the method and special reagents required are 
described in the procedure for analysis of urine. 

Reagents 

The only reagent required other than those used in the analysis of urine 
(see above) is colloidal iron solution, (Merck’s dialyzed iron, with 5 per cent 
I’eaOs) for precipitation of proteins. 
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Precipitation of proteins and other interfering compounds 

From 1 to 5 cc. of blood are measured into a 100-cc. glass-stoppered 
graduated cylinder and enough water is added to bring the volume to 
between 40 and 50 cc. If more than 5 cc. of blood is available (up to 
IS cc.) carry out separate precipitations and combine the filtrates. 
After the addition of 10 cc. of colloidal iron the solution is well shaken. 
Ten cubic centimeters of Goulard’s extract are next added and the 
mixture is again shaken. Finally enough 2 n sodium hydroxide is 
introduced to precipitate the lead, the solution is again mixed and then 
is allowed to stand for about one hour. After this the mixture is centri- 
fuged in tubes covered with rubber caps to prevent loss of acetone. 
The supernatant liquid is then filtered. The amount of sodium hydrox- 
ide necessary must be determined by preliminary experiment for each 
lot of Goulard’s extract, because the lead content of the reagent is 
variable, but is usually 5.5 to 6 cc. The amount to use is the smallest 
quantity which will precipitate ail the lead from solution. The filtrate 
from the lead precipitation should be alkaline to litmus, but only faintly 
alkaline to phenolphthalein. Only about 2 cc. of 0.01 n acid should be 
required to render 50 cc. of the filtrate neutral to phenolphthalein. 

Acetone and acetoacetic acid 

The determination is made by using 150 cc. of the filtrate, or filtrate + 
water to make a volume of 150 cc. Distillation of the acetone is carried 
out as described in the analysis of urine above with one exception. 
Greater accuracy can be obtained if the acetone is distilled from alkali 
by the method of Shaffer before it is subjected to the action of perman- 
ganate and sodium peroxide. Therefore for the determination of ace- 
tone and diacetic acid four distillations are necessary: 1, from acidified 
solution; 2, from alkaline solution; 3, from acid + permanganate; 4, 
from sodium peroxide. 

The determination is carried out as described under the method for 
urine, and the precautions discussed there must be observed; i.e., a 
control titration of the alkaline iodine solution must be carried through 
and the final value corrected for the blank given by the reagents. It is 
usually advisable to use 10 cc. of 0.002 n iodine solution and titrate the 
excess with 0.01 n thiosulfate. 

Calculation 

Calculations are the same given above for the Shaffer-Hubbard method 
with urine. 
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3-hydroxybiiiyric acid and total acetone bodies 

The determinations of u-hydroxybutyric acid and of total ketones are 
carried out on the blood filtrate exactly as described for urine, except 
that a distillation from alkali is added between the initial distillation 
from acid dichromate and the redistillation from acid permanganate, as 
described above for the determination of acetoacetic acid in blood. 
The final titration and calculation are performed as described above. 
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CHAPTER XMII 


Total Orgaxic Acids 

TITIL\TION OF TOTAL ORGANIC ACIDS IX URINE. VAN SLYKE AND 
PALMER (5, 8) 

In 1920 Van Slyke and Palmer fSl proposed a method for the titration of 
the total organic acid in urine, based on the follmving principles: 

1. Relatively little strong mineral acid is required to change the pH of a 
water solution from 8 to 2.7 if the only electrolytes present are alkali salts 
of strong acids, such as sulfates and chlorides. 

2. If the salt of a weak acid, of pK' 4.2 to 6.2, is present the buffer effect 
is such that the addition of nearly a full molecule of hydrochloric acid for 
each equivalent of such salt is required to lower the pH from 8 to 2.7. 

3. The organic acids known to occur in quantitatively significant amounts 
in normal and pathological urines belong to the class of weak acids whose 
salts behave in the manner described in 2. The only weak mineral acids 
found in significant quantities in urine are phosphoric and carbonic acids. 

4. Some weak bases form buffer salts which titrate like those of weak 
acids. Creatinine is titrated almost quantitatively and creatine to the 
extent of 60 per cent when the pH is changed from 8 to 2.7. Aside from 
traces of amino acids, these appear to be the only such bases present in 
considerable amount in human urine. 

The method in its original form consists simply of shaking the urine 
with an excess of calcium hydroxide to remove carbonate and phosphate, 
bringing the filtrate to pH 8 with phenolphthalein, and titrating to pH 2.7 
with 0.2 N hydrochloric acid, tropeolin 00 serving as indicator. Certain 
tc’pes of urines have been found for which this procedure must be modified. 
These cases will be discussed after the general method. 

Reagents 

Calcium hydroxide, powdered. 

Hydrochloric acid, concentrated. 

Hydrochloric acid dilute, 1 volume of concentrated hydrochloric acid made 
up to 10 volumes with water. 

Hydrochloric acid, 0.2 x. 

One per cent solution of phenolphthalein. 

0.02 per cent solution of tropeolin 00. 
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0.04 per cent solution of bromophcnol blue, for preparation see chapter on 
determination of pH. 


Procedure 

Place about 100 cc. of urine in a beaker. If the urine is albumin- 
free and is acid to litmus, add 2 grams of finely powdered calcium hy- 
droxide and mix thoroughly. Let the mixture stand about 15 minutes, 
with occasional stirring. Then pass it through a dry folded filter. 

Twenty-five cubic centimeters of the filtrate are measured into a 
large Pyrex glass test tube of 125 to 150-cc. capacity and 25 or 30-mm. 
diameter, with a mark at 60 cc. Add 0.5 cc. of phenolphthalein and 
titrate with 0.2 n hydrochloric acid from a burette until the pink color 
just disappears from the solution. This brings the solution to a pH 
of 8.0. 

Five cubic centimeters of 0.02 per cent tropeolin.OO are now added 
gradually while the tube is shaken constantly to insure mixture of its 
contents. If the shaking is omitted some of the dye may be precipitated. 
The solution is then titrated with 0.2 n hydrochloric acid until it attains 
a red color that matches that produced in a similar tube by 0.6 cc. of 
0.2 N hydrochloric acid, 5 cc. of tropeolin 00 solution and water to 
make 60 cc. As the end-point is approached enough water is added 
to the unknown to bring its volume to 60 cc. 

In comparing the color of the titrated solution with that of the standard 
it is convenient during the titration to hold the two tubes side by side 
between the thumb and forefinger, the tube containing the urine being 
the one held nearer to the tips of the fingers, where it can be easily 
shaken as the acid is run in from the burette. 

Modifications required in certain %irines 

In urines which are albuminous, which are alkaline to litmus, or in 
which the end-point with tropeolin 00 fades, the procedure must be 
altered as follows. 

1. Albuminous urines. Urine proteins act as buffers over the pH 
range of the titration, and therefore if present would titrate as organic 
acids. Palmer (5) found that small amounts are removed by the cal- 
citun hydroxide treatment. If much is present, however, it must be 
removed by acidifying by adding 1 to 3 drops of concentrated HCl 
to about 100 cc. of mine, bringing to the boiling point, and filtering. 
The filtrate is treated with calcium hydroxide, etc., as above described. 

2. Alkaline urines with high bicarbonate content. Palmer 
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(5) found that if bicarbonate was present in concentration greater than 60 
millimolar simple shaking with calcium hydroxide failed to remove all 
of the carbonate. Such a bicarbonate content is found in alkaline urine 
of pH over 7.7 (2). In such urines the CO 2 content is sufficiently low- 
ered by acidifying with a few drops of 10 per cent hydrochloric acid 
and shaking the sample vigorously until most of the liberated CO 2 
has been driven off. Palmer (5) recommends that whenever the pH 
of the urine is over 7 (alkaline to litmus) this procedure should be 
applied, or that the filtrate after the calcium hydroxide treatment should 
be tested for carbonates. For this test 2 or 3 drops of 10 per cent 
calcium chloride solution may be added to 2 or 3 cc. of the filtrate in a 
test tube: a precipitate of CaCOs forms if all the carbonate has not 
been removed. If a precipitate is obtained a fresh sample of urine 
is acidified and shaken before it is treated with calcium hydroxide. 

3. Urines in which tropeolin 00 fades when acidified* In the 
filtrates from some urines the tropeolin 00 fades after the acid end- 
point at pH 2.7 is reached. Palmer (5) noted that when such fading had 
occurred the upper part of the urine, in contact with the air, might in 
time txun red again, indicating that the fading was due to the action 
of some reducing agent in the urine. He recommended that in such 
urines bromophenol be substituted as the indicator. However, it 
does not give so sharp an endpoint as tropeolin 00, and its color is 
more affected by the urinary pigments. McClusky (4) therefore 
recommends adding 0.5 cc. of concentrated hydrochloric acid per 100 
cc. of urine in such cases and drawing a current of air through the fluid 
for a half-hour. This treatment oxidizes the reducing substance, so 
that tropeolin 00 can be used, and also removes any carbonates 
which may be present. Calcium hydroxide is then added, and the 
analvsis is completed in the usual manner. 

As an alternative procedure the analysis can be carried through in 
the usual way, with acidifying and aerating, but with bromophenol 
instead of tropeolin 00 as indicator. Because of the difficulty m 
judging the end-pomt, it is desirable to use a comparator box to com- 
pare the titrated tube with the standard as the end-point is approached. 

It is advisable as a matter of routine to let the tubes stand fifteen 
minutes after they are titrated, and then to note by comparing them 
again with the standards whether fading m any has occurred. In 
cases where it has, the titration is repeated, either after acidif 3 dng and 
aerating, or with bromophenol blue as indicator in place of tropeolin 00. 
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4. Preliminary removal of creatine and creatine hy adsorption with kaolin. 
Greenwald (3) has found that if urine is acidified and shaken with Lloyd’s 
reagent all the creatinine and most of the creatine are removed, while lactic, 
acetic, formic, and beta-hydroxybutyric acids are not removed. With 
normal urmes the treatment makes the results lower , than by the regular 
Van Slyke-Palmer technique even with a correction subtracted for the creati- 
nine. It therefore appears probable that urines contain appreciable amounts 
of basic buffers other than creatine, creatinine, and amino acids which are 
titrated over the pH range 8.0 to 2.7. The use of Greenwald’s kaolin treat- 
ment will doubtless be found advantageous when the most exact results are 
desired. VTien relatively gross changes in organic acid excretion are being 
observed, as in diabetic ketosis, however, this refinement is unnecessary. 
The technique of the treatment is as follows; 

Mix 100 cc. of urine with 100 cc. of 1 n sulfuric acid and 30 grams of 
Lloyd’s reagent. The mixture is shaken thoroughly and filtered. 
The filtrate is treated with excess of calcium hydroxide, filtered again, 
and SO-cc. portions are titrated from pH 8 to 2.7, as directed for the 
usual method. The blank is somewhat higher than with the original 
method. 


Calculation 

From the volume of 0.2 n HCl used to titrate from the end-point of 
phenolphthalein to that of tropeolin 00, the amount, usually 0.7 cc., is sub- 
tracted which is utilized in a similar titration of a blank in which water is 
substituted for the urine. 

In order to calculate the result in terms of milli-equivalents, or cubic centi- 
meters of 1 N, organic acid per liter of urine, the number representing the 
corrected cubic centimeters of 0.2 n HCl used in the titration is multiplied by 

S (by = 40 in order to calculate from 25-cc. sample to 1000 cc. of urine, 

and by 0.2 in order to change from terms of 0.2 to 1 n) . 

Correction for creatinine. A molecular solution of creatinine (113.2 mg. 
per cubic centimeter) titrates in the above determination as 1 n solution of 
organic acid. Therefore, in order to correct for the creatinine, the cubic 
centimeters of 1 n organic acid per liter calculated from the above titration 
are diminished by 

Milligrams of creatinine per liter urine milligrams creatinine N per liter urine 
— — or by 


113.2 


42 
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0,2 N HCI used in titration 7.6 cc. 

Correction found in blank analysis 0.7 cc. 

Corrected titration result 6.9 cc. 

Milii-equivalents organic acid per !. = S X 6.9 = 55.2 uncorrected for creatinine. 

C reatinine x content of urine = 500 mg. per liter. 

. . •tOO 

Correction tor creatinine = = li.9 m.-Ea. 

42.2 

Organic acid content corrected for creatinine = 55.2 — 11.9 = 43.2 m-Eq. per 1. 

The total tveenty-four-hour organic acid excretion in a number of normal 
subjects examined by 'Tan Slyke and Palmer (Sj was found to be 0.6 to 1.0 
cc. of 1 X acid per kilo body weight uncorrected for creatinine, or 0.2 cc. 
per kilo less when corrected for creatinine. 

The chief clinical application found by the method has been its use as a 
simple means of following changes in the excretion of the acetone bodies in 
diabetic ketosis. For this purpose it is not necessary to correct for 
creatinine. 

Greenwald (3) has found in the urines of some pneumonia patients ab- 
normally large amounts of unidentified organic buffer substances which are 
titrated like organic acids in the Van Slyke-Palmer method, but which 
behave in a manner to suggest that they may be like creatinine, basic rather 
than acid buffers. They are partially precipitated by phosphotungstic acid 
and are entirely adsorbed by kaohn. 

ORGANIC ACIDS IN BLOOD 

For organic acids in blood there exists no method of such simpheity as 
^"an Slyke and Palmer’s titration for urine. Titration of blood filtrate wdth 
indicators does not give satisfactory results. The end-points are not sharp 
and the results appear obviously fallacious. Perlzweig and Delrue (6) have 
used the quinhydrone electrode to apph' the same principle of titration be- 
tween two end-points (pH 8 and 2.3) to the filtrate obtained after precipi- 
tating the blood proteins and treating the filtrate with lime and copper sul- 
fate. They report values of 5 to 8 milii-equivalents of organic buffer of pK' 
about 3.8 in normal blood. The method has not received sufficient appli- 
cation, however, to indicate its general utility. There appears to be no 
evidence concerning what part of the buffer effect measured is due to 
amino acids and other bases. 

The alternative procedure that has been in use has been an indirect estima- 
tion of the undetermined anions in the serum. The total mineral base is 
determined, and from it are subtracted the equivalents of base bound by Cl, 
HCOa, SO4, PO4, and serum protein. At pH 7.4 each mole of PO4 binds 1.8 
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equivalents of alkali, hence the molar concentration of PO4 is multiplied by 
1.8 to estimate the equivalent concentrations. The equivalents of base 
bound by the proteins are estimated from the data of Van Slyke, Hastings, 
Hiller, and Sendroy ( 7) . According to their data the base binding powers of 
the albumin and globulin are indicated by the following formulae: 

Milli-equivalents base bound per gram albumin nitrogen = 0.78 (pHs — 5.16) 

Alilli-equivalents base bound per gram globulin nitrogen = 0.48 (ptP — 4.89) 

Alilli-equivalents base bound per gram total serum protein nitrogen = 0.66 (pHs — 5 . 08 ) 

The equation for base bound by' total serum proteins is calculated for the 
condition that the ratio of albumin to globulin is 1.6 : 1, and loses in accuracy 
as the ratio de\dates from this value. 

To express the formulae in terms of grams protein instead of nitrogen 
the constants 0.78, 0.48, and 0.66 are divided by 6.25, and thereby replaced 
by 0.125, 0.077 and 0.106 respectively. At pH 7.4, therefore, one calculates 
that each gram of albumin binds 0.28 mjUi-equivalents of base, each gram of 
globulin 0.193 milli-equivalents, and each gram of the total protein 0.246 
milli-equivalents. 

One therefore estimates the undertermined anions in serum or plasma 
at pH 7.4 as: 

Total base - (Cl + HCO 3 4- 1.8 PO 4 + 2 SO4 + 0.28 Alb -f- 0.193 Glob). 

The symbols. Cl, HCO3, PO4, and SO4 represent millimols per liter. Alh 
indicates grams of albumin per liter, and Glob grams of globulin. In place 
of (0.28 Alb -p 0.194 Glob) one may substitute as an approximation 0.246 
Prot, where Prot is total protein. 

From the most recent data of Atchley and Benedict (1), it appears that 
the normal blood serum contains organic acids in slight amount. The 
values of these authors for ‘‘undetermined anions” calculated in the above 
manner (but omitting the sulfate, present only in traces) for normal serum 
were found to vary from 3.8 to —3.0 milli-equivalents. The average of 15 
analyses wms, for the anions in milli-equivalents per liter; Cl, 103.5; HCO3, 
29.0; PO4 (Xl.8) 1.8, protein, 17.6; total anions, 151.8. Average total base 
was 151.9, average undetermined anions practically zero. 

In pathological blood the SO4 can not always be neglected in the calcula- 
tion. In cases of renal retention Atchley and Benedict (1) found serum 
SO4 as high as 7 miUi-equivalents per Mter. 
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Phenols 

DISCUSSION 

Earlier iiivestigators employed for the determination of phenols iodo- 
metric titration methods that required large amounts of material (5) (as 
much as 500 cc. of urine). In 1915 Folin and Denis (5) proposed a colori- 
metric procedure for the analysis of urine, based on the ability of phenols to 
reduce W''* and Mo'’^ to colored products of lower valence, which was clini- 
cally practical. Uric acid reduces in the same way, and hence had to be 
removed by precipitation with silver lactate, Tisdall (13) claimed that the 
method w’as not specific for phenols and presented another which he believed 
more accurate and which gives values only about half as great as those ob- 
tained by the Folin and Denis method. Folin and Ciocalteu (6) have appar- 
ently met the criticism by modifying the preparation of the phenol reagent 
so that it is more specific. 

Adaptations of the Folin and Denis method to the analysis of blood have 
been made by Benedict and Theis (3), Pelkan (10), and Rakestraw (11). 
The principles of all these adaptations are the same: the removal of uric 
acid and proteins from blood to furnish a filtrate suitable for treatment with 
the Folin phenol reagent. The methods employed for the removal of uric 
acid are various. Theis and Benedict (12) later substituted ^-nitroaniline 
for the Folin and Denis phenol reagent, ^-nitroaniline has the advantage 
that it is not affected by uric acid, which therefore need not be removed. 

Folin and Denis (5) have adapted their method to the analysis of feces. 
Hanke and Koessler (8) have devised other methods for the separate 
determination of tyrosine, tyramine and other phenols in biological 
materials. 

Becher (1, 2) has devised a method for determination of free and con- 
jugated phenols that depends on the use of Millon’s reagent, which he and 
his associates have employed for chnical studies. 

We shall describe for urine Folin and Denis’ method with the improved 
Folin and Ciocalteu reagent. For blood the ;/>-nitroaniline method of 
Theis and Benedict is described, and appears to deserve preference because 
it does not require removal of uric acid. When urine and blood analyses 
are made together, it is convenient to use the same reagent for both. Hence 
a blood method (Rakestraw’s) in which the Folin reagent is applied is also 
described. />-nitroaniline has not been used for urine. 
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PHENOLS IN LERINE. COLORIMETRIC MOLYBDITUNGSTATE METHOD OF FOLIN 

AND DENIS (5) 

Reagents 

Acid silver lactate. A 3 per cent solution of silver lactate in 3 per cent 
lactic acid (3.5 volume per cent of concentrated (85 per cent) lactic acid). 

Colloidal iron solution. A 10 per cent solution. 

Acid sodiiDH chloride. A saturated solution of sodium chloride each liter 
of v.'hich contains 10 cc. of concentrated hydrochloric acid. 

Phenol reagent of Folin and Ciocalfeu (6). Dissolve 100 grams of sodium 
tungstate, Xa 2 W 04 - 2 H 50 , and 25 grams of sodium molybdate, Xa 2 Mo 04 '- 
2 H 2 O in 700 cc. of water in a 1500-cc. florence flask. Add 50 cc. of syrupy 
(85 per cent) phosphoric acid and 100 cc. of concentrated hydrochloric acid. 
Connect the flask v/ith a reflux condenser by means of a cork or rubber stop- 
per wrapped in tin foil. Boil the solution gently for ten hours. At the end 
of this time add 150 grams of lithium sulfate, 50 cc. of water and a few drops 
of liquid bromine. Boil the roLxture without the condenser for about fifteen 
minutes to remove the e.xcess bromine. Cool, dilute to 1 liter and filter. 
The finished reagent should have no greenish tint. It should be kept well 
protected from dust, because organic materials will gradually produce slight 
reductions. 

Saturated sodium carbonate solution. 

Standard phenol solution. Prepare a solution of phenol in 0.1 n hydro- 
chloric acid which contains approximately 1 mg. of crystallized phenol per 
1 cc. Tranfer 25 cc. of this solution to a 250-cc. flask, add 50 cc. of 0.1 n 
sodium h 3 'dro.xide, andheat to 65°C. To the hot solution add 25 cc, of 0.1 n 
iodine solution; stopper the flask and let it stand at room temperature for 
thirty to forty minutes. Add 5 cc. of concentrated h^'drochloric acid and ti- 
trate the excess of iodine with 0.1 n thiosulfate solution. Each cubic centi- 
meter of 0. In iodine (cubic centimeters of iodine added — cubic centimeters of 
thiosulfate used in titration) corresponds to 1.567 mg. of phenol. On the 
basis of the titration dilute the phenol solution so that 1 cc. contains 0.1 mg. 
of phenol. (For preparation of standard iodine and thiosulfate solutions 
see pp. 32-34, chapter I.) 

Concentrated hydrochloric acid. 


Procedure 

Removal of interfering substances. To 10 cc. of undiluted urine 
or 20 cc. of very dilute urine, in a 50-cc. volumetric flask, add from 2 to 
20 cc. of acid silver lactate, until no further precipitation occurs. Add 
a few drops of colloidal iron, shake the flask, dilute to the mark with 
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water, shake again, and filter the contents through a dry filter. Transfer 
25 cc. of the filtrate to another 50-cc. volumetric flask and add enough 
of the acid sodium chloride solution to precipitate all the silver. Fill the 
flask to the mark with water, mix the contents thoroughly and filter 
them through a dry filter. 

Determination of free phenols: To 20 cc. of the filtrate in a SO-cc. 
volumetric flask add 5 cc. of the phosphotungstic-phosphomolybdic 
reagent and 15 cc. of saturated sodium carbonate solution. Dilute 
the solution to volume with luke warm (30° to 35°) water, mix thoroughly, 
and, after twenty minutes compare in a colorimeter with 5 cc. of the 
phenol standard, which has been treated with 10 cc. of phosphotungstic- 
phosphomolybdic reagent and 25 cc. of saturated sodium carbonate, 
diluted to 100 cc. 

Total phenols (free and conjugated). To 20 cc. of the urine fil- 
trate, in a large test tube, add 10 drops of concentrated hydrochloric 
acid; cover the tube with a small funnel, heat rapidly to boiling over a 
free flame and then place it in a boiling water-bath for ten minutes. At 
the end of this time remove the tube, cool and transfer its contents to 
a 100 cc. volumetric flask. Add 10 cc. of phosphotungstic-phospho- 
molybdic reagent, 25 cc. of saturated sodium carbonate, dilute the 
mixture to the mark with luke warm water (30° to 35°). Allow the 
tube to stand for 20 minutes and then compare in the colorimeter with 
a standard solution treated as described above. 

Calculation 

Filtrate equivalent to only one-fifth of the volume of urine originally 
taken is used for the final colorimetric comparison. The solution of free 
phenols is diluted, for colorimetric comparison, to one-half the volume of 
the standard, while the solution of total phenols is diluted to the same 
volume as the standard. The standard contains, in each case 0.5 mg. 
of phenol. Therefore, 

1.25 5 

^ ^ = grams of free phenol per liter of urine. 

2.5 5 

Y " - " = grams of total phenol per liter of urine. 

5' and U = colorimetric readings of standard and unknown respectively, 
and F is the volume of urine originally taken for analysis. 

(Total phenol) — (free phenol) = conjugated phenol. 
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riiEXOLS IX BLOOD. RAKESTRAV/’s ADAPTATIOX OF THE COLORIMETRIC 
METHOD OF FOLIX AXD DEXIS (11) 

This is an application of the Folin and Denis (5) urine method to the 
analysis of Folin- Wu tungstic acid blood filtrates. For the preliminary pre- 
cipitation of uric acid the zinc method of iNIorris and Macleod is employed. 

Reagents 

Zinc chloride, a 2.5 per cent solution. 

Sodium carbonate, a 10 per cent solution. 

Sodium carbonate, a 20 per cent solution. 

Phenol reagent of Folin and Ciocalteu, described in the urine method of 
Folin and Denis, above.^ A portion of this is diluted with 3 volumes 
of water before using. 

Sodium cyanide, a 5 per cent solution to each 100 cc. of which 3 or 4 drops 
of concentrated ammonia water are added. The solution should be kept in 
a bottle stoppered with a cotton plug to allow partial access of air to the 
solution. 

Standard phenol solution, prepared as described in the urine method above. 
The stock solution is diluted as required so that 10 cc. contains 0.025 mg, of 
phenol. 

Sodium hydroxide, a 20 per cent solution. 

Procedure 

Determination of free phenols. To 25 cc. of Folin-Wu tungstic 
acid blood filtrate (see precipitation of proteins, p. 65) add 1 cc. of 
2.5 per cent zinc chloride and 1 cc. of 10 per cent sodium carbonate 
solution. After stirring the mixture, let it stand for one hour. Centri- 
fuge and then filter off the supernatant fluid. To 10 cc. of the filtrate 
add 0.5 cc. of the diluted phenol reagent and 2 cc. of 20 per cent sodium 
carbonate solution. After mixing, allow the solution to stand thirty- 
seconds. Then add 1 cc. of 5 per cent sodium cyanide (this should be 
introduced from a burette, not a pipette, because of its poi- 
sonous character) . Immerse in boiling water for one and one-half 
minutes and then cool for at least three minutes in running water. 
Compare the color of the solution with a standard which has been 
subjected to the same treatment as the unknown. 

^ Rakestraw used Bell’s modification of the Folin and Denis reagent. The modification 
of Folin and Ciocalteu appears to be at least as good. 
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Determination of total {free plus conjugated) phenols. To 
10 cc. of the uric acid-free filtrate in a test tube, add 0.25 cc. of con- 
centrated hydrochloric acid. Close the tube by means of rubber tubing 
and a screw-clamp pinch cock and heat it in a boiling water bath for 
ten minutes. Ten cubic centimeters of the standard solution are also 
treated with acid, but not heated. After they have been cooled, to 
both unknown and standard are added 0.5 cc. of 20 per cent sodium 
hydroxide, which nearly neutralizes the hydrochloric acid. Standard 
and unknown are then treated with phenol reagent, carbonate and 
cyanide as in the determination of free phenols and are compared in 
a colorimeter. 


Calculation 

100 n S 

= milligrams of phenol per 100 cc. of blood. 

I U 

Where S and U — colorimetric readings of standard and unknown, respec- 
tively; n — the milligrams of phenol in the standard; and V == the cubic 
centimeters of blood represented by the quantity of filtrate taken for analysis. 
With 10 cc. of uric acid-free filtrate (equivalent to of a cubic centimeter 
of blood, and a standard containing 0.025 mg. of phenol, this becomes 

6.75 5 

— — — = milligrams of phenol per 100 cc. of blood. 


COLOBIOIETRIC /?-NITRO ANILINE METHOD OF THEIS Aim BENEDICT (12) 

This method depends upon the reddish color produced by the reaction 
between phenol and diazotized j&-nitroaniline base, described by Moir (9). 
This reagent is stated to be so insensitive to uric acid that preliminary 
removal of this substance is unnecessary. 

Reagents 

p-nitroaniline. Dissolve 1.5 grams of ^-nitroaniline base in 500 cc. of 
water with 40 cc. of concentrated hydrochloric acid. When required for 
use a small quantity is mixed with 10 per cent sodium nitrite solution 
in the proportions, 25 cc. of ^-nitroaniline solution to 0.75 cc. of sodium 
nitrite. This diazotized reagent does not keep longer than one day, so that 
the nitrite should be added only to such small quantities of the base as are 
required for immediate use. 

Phenol standards prepared and staiidardized according to the method of 
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Folin and Denis, described in the method for analysis of urine, above. A 
dilute stock standard, 1 cc. of v.’hich contains 0.1 mg. of phenol, is made 
every fevr weeks and from this a 40-fold dilution (to 10 cc. = 0.025 mg. of 
phenol) is made daily. 

Om per cent gum acacia solution. 

Fifty per cent sodium acetate solution. 

T-d'enty per cent sodium carbonate solution. 

Concentrated hydrochloric acid. 


Procedure 

Precipitation of proteins. The blood is precipitated with tungstic 
acid as in the Folin-Wu procedure (see precipitation of proteins, p. 65) 
except that the dilution is made 1:5 instead of 1:10 by using only 2 
volumes of water instead of 7. Lake 1 part of flood with 2 parts of 
water and add 1 part of | x sulfuric acid slowly, with shaking. Finally 
introduce 1 cc. of 10 per cent sodium tungstate solution and miY the 
whole thoroughly. Filter. 

Determination of free phenols. To 10 cc. of the filtrate add 1 cc. 
of 1 per cent gum acacia, 1 cc. of 50 per cent sodium acetate and 1 cc. 
of the diazotized p-nitroaniline reagent. After one minute add 2 cc. 
of 20 per cent sodium carbonate. Ten cubic centimeters of standard 
phenol solution, containing 0.025 mg. of phenol, are simultaneously 
treated in a similar manner. Standard and unknown are compared 
in the colorimeter. 

Determination of total phenols. Ten cubic centimeters of the 
1:5 blood filtrate are placed in a test tube with 0.25 cc. of concentrated 
hydrochloric acid and heated for ten minutes in a boiling water bath. 
The solution is cooled and the added acid neutralized with sodium 
hydroxide. The same amounts of acid and alkali are also added to 
the standard and to 10 cc. of unheated filtrate in which free phenols 
are to be determined. Phenols in the hydrolyzed and unhydrolyzed 
filtrates are then determined by the procedure for free phenols de- 
scribed above. 


Calculation 


100 n S 
T' U 


= milligrams of phenol in 100 cc. of blood. 


iS and U = colorimetric readings of standard and unknown solutions, 
respectively, n = milligrams of phenol in the standard and V the cubic centi- 
meters of blood represented by the quantity of filtrate taken for analysis. 
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With 10 cc. of filtrate (equivalent to 2 cc. of blood) and a standard con- 
taining 0.025 mg. of phenol, this becomes 

^ = milligrams of phenol per 100 cc. of blood. 

(Total phenol) — (free phenol) = conjugated phenol. 
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Hemoglobin and Its Derivatives 

DISCUSSION 

By total hemoglobin is meant the sum of all the forms of hemoglobin exist- 
ing in the blood. Normally only reduced and oxygenated hemoglobin are 
present in significant amounts, and the sum of these two is customarily 
“hemoglobin content’’ of the blood. Occasionally carboxyhemoglobin or 
methemoglobin also is present. They do not interfere with the total hemo- 
globin methods that involve transformation of the hemoglobin into carboxy- 
hemoglobin or methemoglobin respectively, or that depend upon determina- 
tion of the iron content of blood. 

For determination of the total hemoglobin in blood the most accurate 
method is ordinarily to saturate the blood with air or carbon monoxide, so 
that all the Hb present is changed to HbOa or HbCO, and to determine the 
O 2 or CO content. The ‘‘oxygen capacity’’ method was introduced by Hal- 
dane and Smith (11) in 1897; it became the standard by which other pro- 
cedures were controlled. The average oxygen capacity of 18.5 cc. of O 2 
per 100 cc. of blood found by Haldane and Smith (10) from analyses of the 
blood of several adults was for some time accepted as “100 per cent” of 
normal in clinical methods. More complete studies, the results of which are 
summarized in table 57, however, have shown that normal oxygen capacity 
varies greatly with age and sex, averaging, 20.7 volumes per cent for men, 
19.0 for women and from 15.5 to 32 for children, depending upon age. 

The greater rapidity of colorimetric methods and the minute amounts of 
blood with which they can be carried out has caused them to be generally 
preferred for routine clinical work to the more precise but less rapid gaso- 
metric procedures. Hemoglobin was first estimated colorimetrically in 
1878 by Gowers (8), who merely diluted the blood and compared it with 
artificial standards of gelatin colored with picrocarmine. Oxyhemoglobin, 
however, w^as soon found, because of its instability and the nature of the 
yellowish-red color, to be a less satisfactor}'- form of hemoglobin for color- 
imetric determination than some of the other derivatives. Carboxy- 
hemoglobin (11, 13, 19), acid hematin (4, 9, 18), alkali hematin (33), cyan- 
hemoglobin (25, 33) and methemoglobin (33) all have been utilized. 

To match the colors of these hemoglobin derivatives the literature has 
contained a succession of artificial color standards, some in the form of solu- 
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tions (7, 12, 15, 18), others as colored glass (5, 6, 20, 16, 17). None has been 
entirely satisfactory because none has shown exactly the same light absorp- 
tion throughout the visible spectrum as the hemoglobin solution with which 
it was to be matched. The standard prepared by most careful photometric 
work has apparently been that of Newcomer (16), who obtained a yellow 
glass with nearly the same absorption as acid hematin in all parts of the \nsi- 
ble spectrum.. The most satisfactory standards, so far as color is concerned, 
have remained those made from blood itself. 

TABLE 57 

Normal HiciioGLOBix Context of Human Blood. Effects of Age .and Sex* 

OXYGEN capacity; volume pee cent 


Males Females 


1 clay 32.0 ±4 32.0 ±4 

2 to *3 days 29.0 ±4 29.0 ±4 

4 to 8 days 26.0 ±4 26.0 ±4 

9 to 13 days 23.0 ±4 23.0 ±4 

2 to 8 weeks 20.5 ±4 20.5 ±4 

3 to 5 months 17.5 ±3 17.5 ±3 

6 to 11 months 16.0 ±3 16.0 ±3 

I to 2 years 15.5 ±2 15.5 ±2 

3 to 5 j’ears 16.4 ±2 16.4 ±2 

6 to 10 years 17.3 ±2 17.3 ±2 

II to 15 years 18.0 ±2 18.0 ±2 

16 to 60 years 20.7 ±2 19.0 ±2 

60 to 70 years. 19.9 ±2 19.0 ±2 

704- years 19.0 ±2 18.7 ±2 


* See hemoglobin chapter of volume I 

Most standard solutions prepared from blood, however, have shown the 
drawback of limited stability. Two changes cause their deterioration, alter- 
ation of color and development of cloudness. The cloudiness was prevented 
by Palmer (19) by making his standard carboxyhemoglobin solution alkaline 
with ammonia, and Wu (33) has recently demonstrated the desirability of 
alkalinizing also standards prepared with cyanhemoglobin, methemoglobin, 
and acid hematin, Terrill (27) prepared acid hematin in the form of a dry 
powder which -was permanent, and from which standard solutions could be 
made by weight. 

Acid hematin, introduced by Sahli (22), is the derivative that has prob- 
ably found most favor in the past, presumably because of the ease of its 
preparation, which requires only dilution of blood with 0.1 n hydrochloric 
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acid. It has been tested v.dth approval by Newcomer (17), Cohen and 
Smith (4), Robscheit (21) and Senty (24), and undoubtedly gives fair ap- 
proximation to the correct values in most blood, when the standards are 
prepared from similar bloods, Berczeller (2). however, found that the color 
developed is partly dependent on the plasma. A given suspension of sheep 
cells mixed with plasma from different sheep gave colors varying by 10 per 
cent or more from each other. \Vu (33) also found that the color of blood 
diluted with acid, as in the acid hematin method, was much affected by 
non-hemoglobin substances in both plasma and cell stroma. Purified hemo- 
globin dissolved in plasma gave a 20 per cent higher reading than when 
dissolved in saline solution, and red cells that had merely been washed gave a 
lower color reading when suspended in plasma than in saline. These 
peculiar effects disappeared when the acidified hemoglobin and blood solu- 
tions were made alkaline before the colors were read. \Vu attributed the 
anomalies of the acid solutions to the fact that in them the hemoglobin 
derivatives were in colloidal suspension rather than true solution, and the 
shade and intensity of color were influenced by factors affecting the state 
of dispersion. Wu found that better readings could be made also with 
methemoglobin and cyanhemoglobin when the solutions were clarified by 
alkali and confirmed the satisfactory character of Palmer’s ammoniacal 
carboxyhemoglobin method. The total hemoglobin can be determined 
accurately after transformation into hematin, methemoglobin, or cyan- 
hemoglobin, in alkaline solutions, even in blood that contains methemo- 
globin. Wffien the readings are made with acid hematin, the presence of 
methemoglobin makes accurate readings impossible. Wu preferred c^^an- 
hemoglobin for colorimetric readings, although he obtained correct results 
with the other three alkaline solutions. 

Other principles that have been employed for the determination of hemo- 
globin are interesting for special studies rather than for clinical use. Spec- 
trophotometric analysis has been used b\^ Williamson (30) and others; re- 
fractometry by Howard (14) and Stoddard and Adair (26). Wolter (31), 
Berman (1), Brown (3) and Wong (32) determined the iron content of blood 
as a measure of the total hemoglobin.^ 

^ Mention must be made of the method of Tallquist (Arc/i. geti. de. med. n.s., 1900, 3, 
421), which has perhaps been more e-xtensively used for clinical purposes than any other one 
method. It depends on the comparison of the color of a drop of blood, absorbed on a piece 
of filter paper, with a colored chart. Although obviously only approximate, Tallquist’s 
method is the simplest and most generally applicable means for the rapid estimation of 
hemoglobin, and does not deserve the entire measure of disrepute w'hich it has received. 
In order to obtain proper results certain precautions w'hich are usually neglected must be 
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The standard gasometric oxygen and carbon monoxide capacity methods 
are described in the chapter on gasometric methods. Here we shall describe 
the Palmer carboxyhemoglobin method, the Cohen-Smith acid hematin 
determination with Wu’s alkaline modification, the acid hematin procedure 
for use with Newcomer’s glass standards, the Stadie-Wu cyanhemoglobin 
method, and Wong’s method based on colorimetric determination of the 
iron content of blood. 

Choice of Methods 

For accuracy the gasometric methods, wdth an error of only 0.5 per cent, 
stand in a class above the colorimetric methods, w'hich under the best con- 
ditions involve analytical errors of ±2 or 3 per cent, wdiich may be further 
increased by inaccuracy in standards, manipulation, or colorimetry. The 
colorimetric methods have an advantage, however, in that they can 
be carried through with great speed, and require only 0.02 to 0.20 cc. of 
blood. 

For combined simphcity and accuracy among colorimetric procedures the 
Palmer carboxyhemoglobin method seems to claim preference when a satis- 
factory illuminating gas is available. Some gas is said to contain sufficient 
cyanogen to disturb the determination, but we have not heard of such diffi- 
culties with American gas. The Palmer method has an advantage unique 
among colorimetric procedures in that the stock standard can at any time 
have its accuracy controlled by direct gasometric analysis (28). The 
Stadie-Wu c3"anhemoglobin gives an equally beautiful color to read and 
may be used when a satisfactory source of carbon monoxide gas is not avail- 
able. The acid hematin methods are more subject to error, but are de- 
scribed because of their simplicity, and the fact that the Newcomer glass 
standard makes them available in laboratories that can not prepare their 
own standards from blood of determined oxygen capacity. 

For a laboratory where onl}'- an occasional hemoglobin determination is 
required it wffil not be desirable to prepare and control standard blood solu- 


observ'ed. WTien blood is first taken up by the filter paper and before it is completely 
absorbed it presents a shining surface that makes color comparison impossible; when the 
blood begins to dry-, on the other hand, it very rapidly assumes a brownish tinge that also 
interferes with color comparison. There is, then, only a brief interval during which the 
determination can be made. The length of this interval is proportional, within certain 
limits, to the size of the drop of blood taken. It is, therefore, essential to take sufficient 
blood to make a spot 1.5 to 2 cm. in diameter to obtain satisfactory results. Furthermore, 
during the reading the filter paper and the color scale must be backed by a solid white 
background to avoid the effects of shadows behind the filter paper, which is not en- 
tirely opaque. 
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tions for colorimetric anah'ses. In this case the Newcomer method will be 
the one of choice for approximate analyses, and the gasometric oxygen or 
carbon monoxide capacity method for accurate ones. 

WTien a large number of determinations is routinely required the fifteen 
minutes per analysis required by the gasometric methods limits their use to 
cases where accuracy is especially important. For numerous routine analy- 
ses the colorimetric method of Palmer or of Stadie and Wu will be desirable. 

WTien the blood contains abnormal forms of hemoglobin of uncertain 
nature, as in nitrobenzene poisoning (see volume I), the iron method of 
Wong can be used. In such cases other methods, both colorimetric and 
gasometric, may be inapplicable. Such cases are rarely encountered except 
in industrial poisoning by coal tar products. 

As a refinement of micro analysis which has not yet been applied to clini- 
cal studies, the reader is referred to the ultra-micro method of Wu (34), 
in which the hemoglobin in 0.001 cc. of blood is determined by its action in 
catalysing the reaction between peroxide and benzidine. 

To standardize the hemoglobin solutions used as standards for the colori- 
metric procedure Wong’s iron method can be used as an alternative to the 
standard oxygen and carbon monoxide capacity determinations. 

The calculations in this chapter are given in terms of volumes per cent 
o-xygen capacity rather than in grams of hemoglobin. As pointed out in 
the discussion of ‘‘Total hemoglobin” in Volume I, no accurate data exist for 
calculating the exact weight of hemoglobin from gasometric or colorimetric 
analj’ses. 

Calculations of percentages of normal hemoglobin content are arranged 
to compare the hemoglobin content of a subject’s blood with the average 
hemoglobin content of normal subjects of the same sex and age. As shown 
in table 57, the variations with sex and age are so great that the hitherto 
common practice of using a single standard for all subjects gives fallacious 
results. 


TOT.4L HEMOGLOBIX. GASOMETRIC 

Determinations of the oxygen or carbon monoxide binding capacity 
afford the most accurate estimation of total hemoglobin and are the stand- 
ards on which the colorimetric methods are based. The Oo and CO deter- 
minations are described on pages 263, 266, 337 and 341 in the chapter on 
gasometric methods. In the rare cases in -which the blood contains methe- 
moglobin and modifications of these methods described for that condition 
on page 340 are employed. 
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TOTAL HEMOGLOBIN. COLORIMETRIC CARBON MONOXIDE METHOD OF 

PALMER (19) 

Reagents 

Ammonia solution. Dilute 4 cc. of strong ammonia solution to a liter 
with water. 


Stock standard hemoglobin solution 

A quantity of fresh human blood or ox blood is defibrinated by stirring it with a rod. 
(If blood stands for a few hours significant amounts of methemoglobin may form.) After 
the defibrinated blood has been filtered through gauze its oxygen or carbon monoxide 
capacity is determined (see chapter on gasometric methods). The blood is then diluted 
with the ammonia solution to an oxygen capacity of 4 volumes per cent." This hemoglobin 
solution is saturated in a dark glass bottle with carbon monoxide by bubbling through it 
preferably 2 or 3 volumes of CO gas (for its preparation see chapter on gasometric methods) . 
.4,3 an alternative illuminating gas may be passed through for ten minutes, after the addi- 
tion of a drop or more of caprylic alcohol to prevent foaming. After passage of the CO or 
illuminating gas the glass tube through which the gas was passed into the solution is 
withdrawn slowly and the bottle is immediately stoppered with a glass stopper or cork 
(rubber stoppers must not be used in contact with hemoglobin solutions). The stopper 
should be sealed with paraffin. The solution will keep for months in an ice-box protected 
from light if kept saturated with pure carbon monoxide, but it is desirable to test it every month 
by determining its CO capacity as described on p. 348 in the chapter on gasometric 
methods. Or, if CO gas is not available, the standard may be checked by comparing the 
results of a colorimetric hemoglobin determination with those of a gasometric oxygen 
capacity on any given sample of blood. As shown by Van Slyke and Hiller (28) , the bottle 
containmg the stock hemoglobm solution must be refilled with carbon monoxide or illuminating 
gas every time the sto pper is removed. Otherwise air replaces the gas in the bottle and forma- 
tion of methemoglobin begins, making the solution inaccurate as a colorimetric standard. 

From this stock standard solution a dilute standard is prepared for routine use by dilut- 
ing 50 cc. of the stock solution to 1010 cc. with the ammonia solution. The dilute standard 
is best kept in a dark glass or black painted aspirator bottle. Both openings of the aspi- 
rator bottle should be provided with corks fitted with glass tubes bearing glass stop-cocks. 
The corks must be sealed in with paraffin and the glass tubes should be long enough to 
project just through the corks into the bottle. When the solution is first made up the 
low’er tube is connected to a gas jet which is opened. Both stop cocks are then opened 
and illuminating gas is permitted to bubble through the solution until the latter has 
become completely saturated and until the air in the bottle has been displaced. The 


- The dilution may be calculated by the following equation: 

^ = F, 

4 

in which K = the oxygen capacity of the blood in volumes per cent. 

T'l = the volume of blood to be diluted. 

Vi = the volume to which it must be diluted to bring the oxygen capacity to 
4 volumes per cent. 
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stop cocks are then closed and the gas jet is connected ’.dth the upper tube. The con- 
necting tube between the gas jet and bottle should preferably be of glass or metal, since 
the air diiiuses rather rapidly through rubber. With the upper stop cock and the gas jet 
continuously kept open, solution is v.-ithdrav.'n as desired from the lower end, the volume 
of withdrawn solution being automatically replaced by an equal volume of illuminating 
cas. By this means the liquid is kept from contact wdth air and complete combination of 
the hemoglobin with carbon mono.-dde is always assured. The dilute hemoglobin solution 
should be renewed eveiy tvro weeks. The first indication of deterioration is the appearance 
of a brownish tinge in. the cherry -red color characteristic of carbon monoxide hemoglobin. 


Saturation of blood and standard solutions until illuminating gas should be 
carried out under a hood, renwced from any open flame. If there is no hood 
available a funnel attached to a water vacuum pump may be used to carry 
off the gas. 

Pipettes for measuring blood are calibrated to contain 0.05 cc. and 0.10 cc. 
i0.0002 cc. They should hold when dry 0.671 and 1.348 grams of mercury, 
respectively (see p. 18-20 and figure 4). The pipettes can be made from 
millimeter bore glass tubing, the points being tapered on an emery wheel. 

Procedure 

Draw 0.05 cc. of blood into a blood pipette and thence transfer the 
sample to 5 cc. of the ammonia solution in a 12 by 120 mm. test tube. 
Rinse the blood pipette by drawing the amm onia solution into it two 
or three times. After bubbling illuminating gas through the mixture 
for thirty seconds, compare the color in a colorimeter with that of the 
dilute standard described above. If the blood contains less than 60 
or 70 per cent of the normal hemoglobin content 0.1 cc. of blood should 
be taken instead of 0.05 cc. 


Calculation 


20 S 
U 


volumes per cent O 2 capacit>' when sample is O.OS cubic centimeter of blood. 


10 5 


= volumes per cent O 2 capacity when sample is 0.10 cubic centimeter of blood. 


Oi Capacity X 


100 

N 


{ hemoglobin content calculated as per cent of the average normal 
for the subject’s age and sex. 


5 and U represent readings of standard and unknown solutions respec- 
tively, X is the mean normal oxygen capacity for a person of the subject’s age 
and sex. Values of N are given in table 57. 
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TOTAL HEMOGLOBIX. COLORIilETRIC ACID HEMATIN METHOD OF COHEX AXD 
SMITH ( 4 ) MODIFIED BY WU ( 33 ) TO ALKALI HEMATIN 

Frcparalion of standard 

Defibrinate about 50 cc. oi freshly drawn blood by stirring with a glass rod and strain 
the blood through a few layers of gauze. Determine the oxygen or carbon monoxide capac- 
ity of a sample of this blood (see chapter on gasometric methods). (The blood must 
be frequently stirred throughout the whole procedure to insure uniform mixture of cells 
and plasma.) Dilute the remainder of the blood with 0.1 x hydrochloric acid until the 
hemoglobin content corresponds to an oxygen capacity of 4 volumes per cent (see foot- 
note on p. 666). iMix thoroughly and store in a glass-stoppered bottle in a cool dark place. 
This solution should last several months if kept free from molds. From this stock stand- 
ard a dilute standard is made by diluting 5.0 cc. to 101 cc. with 0.1 n hydrochloric acid. 
The dilute standard, the hemoglobin content of which is equivalent to 0.2 volume per 
cent oxygen capacity, must be prepared fresh every week. 

Procedure 

By means of a pipette calibrated to contain that volume, measure 
O.OS cc. of blood into 5 cc. of 0.1 x hydrochloric acid. Rinse the pipette 
by drawing acid up into it and expelling the liquid back into the solution 
from which it was drawn. If the blood contains very little hemoglobin 
0.10 cc. should be taken. To develop the color, immerse the tube in 
water at 35 to 40° temperature for 10 minutes, or let stand at room tem- 
perature for 40 minutes. Add 0.5 cc. of 10 per cent sodium hydroxide 
solution. Compare in the colorimeter with standard solution, to which 
on the same day has been added one-tenth its volume of 10 per cent 
sodium hydroxide. 

Wu’s reason for adding the alkali is discussed on page 663. 

Calculation 

The calculation is the same as for Palmer’s method above. 

TOTAL HEMOGLOBIN. COLORIMETRIC ACID HEM.4TIN METHOD OF NEWCOMER 
WTTH GLASS STANDARD ( 16 ) 

This method has the advantage that the color standard is a glass plate, 
and therefore permanent. These plates, of approximately 1-mm. thickness, 
are obtainable from the Arthur H. Thomas Company, of Philadelphia, with 
the exact thickness engraved on each. The plates are made from one stock 
of glass which was found by Newcomer to have nearly the same light absorp- 
tion as acid hematin. 

The plate is placed in the light path of one cup of a Duboscq type of 
colorimeter and 5 cc. of water are placed in the cup. In the other cup 
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are placed 5 cc. of 0.1 x hydrochloric acid, and to it is added 0.02 cc. of 
blood from a capillary pipette. With the lower end of the prism on the 
side of the standard just immersed in the w’ater, the colors are balanced 
by adjusting the prism in the blood solution. 

Calculation 

51 d h 

— j ^ = volumes per cent o.vvgen capacitv of blood. 

r(i00--) 

5100 d h 

= per cent of normal hemoglobin for subject’s age and se.^. 


WTiere d = dilution (e.g., 251), 

V = the observed thickness of the balancing hematin solution in 
millimeters. 

h — the exact thickness of the glass in millimeters. 

T — the time in minutes between dilution and reading. 

N = mean normal o.xygen capacity for subject’s age and sex (see 
table 57), 

The factor ^100 — corrects for the time factor in development of the 
acid hematin color. 

'IMien d = 251, as in the dilution technique described, and 30 to 40 
minutes are allowed for the color to develop, the calculations simplity to 


129 h 
U 


volumes per cent oxygen capacity. 


12900 h 
N U 


per cent of normal hemoglobin for subject’s age and sex. 


TOTAL HEMOGLOBIN. COLORIMETRIC CY.ANHEMOGLOBIN METHOD OF STADIE 
(25) AS MODIFIED BY W’U (33) 

Reagents 

Dilute ammonia. Four cubic centimeters of concentrated ammonia di- 
luted in 100 cc. with water. 

0.4 per cent potassium ferricyanide solution. 

0.1 per cent potassium cyanide solution. 

Standard solutioji. 
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Blood is standardized by the oxygen or carbon monoxide capacity method (see chapter 
on gasometric methods'! and diluted with 4 per cent ammonia to an oxj'gen capacity of 
4 volumes per cent as described in two preceding methods. Of this stock solution 50 cc, 
are placed in a 1 liter flask, are diluted udth 200 cc. of 4 per cent ammonia, and 25 cc. of 
the 0.4 per cent potassium ferricyanide are added. After twenty minutes 25 cc. of the 
0.1 per cent potassium cyanide are added, and the solution is diluted to 1 liter. The 
standard keeps a month at room temperature. The stock solution may be saturated with 
CO or illuminating gas, as in Palmer’s method, to preserve it longer. 

Procedure 

Place 2 cc. of the 4 per cent ammonia solution in a flask or tube marked 
to contain 10 cc. Deliver 0.1 cc. of blood (or 0.2 cc. if blood is an e mi r.) 
into this, washing out the pipette by drawing the ammonia solution 
up into it. Add 0.25 cc. of the ferricyanide to change the hemoglobin 
to methemoglobin. After twenty minutes add 0.25 cc. of the potassium 
cyanide solution to form cyanhemoglobin, and dilute to 10 cc. Read 
against the standard. (It is safer to measure the cyanide solution from 
a micro burette because of its poisonous character.) 

Calculation 

20 S 

— — = volumes per cent O 2 capacity when sample is 0.1 cc. of blood. 


10 5 
U 


volumes per cent O 2 capacity when sample is 0.2 cc. of blood. 


Rest of calculation as for Palmer method, above. 


TOTAL HEMOGLOBIN. COLORIMETRIC DETERMINATION OF IRON IN BLOOD. 

(wONG (32)) 

The iron of the hemoglobin molecule is detached by the action of concen- 
trated sulfuric acid, used as ordinarily in the preparation of acid hemato- 
porphyrin, the decomposition being facilitated with the aid of potassium 
persulfate. The proteins are then precipitated by tungstic acid and filtered 
off. Since the whole process involves no boiling, the concentration of acid 
in the unknown can be controlled and made the same as in the standard for 
the production of color. The color fading is retarded by adding potassium 
persulfate to both unknown and standard. 

Reagents 

All the reagents except the standard must be iron-free as shown by blank 
tests. 

1. Concentrated sulf uric acid. 
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2. Sodium tungstate. Ten per cent solution, as in the Folin-Wu method 
for precipitating blood proteins. 

3. Saturated potassium persulfate. Introduce into a small glass-stoppered 
bottle about 7 grams of pure potassium persulfate and shake with 100 cc. of 
distilled water. The undissolved portion settles on the bottom and later in 
part dissolves to replace persulfate lost from the solution by the slow decom- 
position that occurs in the latter at room temperature. 

4. Potassium sulfocyanate. Prepare appro.vimately a 3 x solution by dis- 
solving 146 grams of pure potassium sulfocyanate in distilled w^ater to make 
500 cc. Filter if necessary. Add 20 cc. of pure acetone to improve the 
keeping quality. 

5. Standard iron solution. Weigh out accurately 0.861 grams of crystal- 
lized ferric ammonium sulfate and dissolve in about 50 cc. of distilled water. 
Add to the solution 20 cc. of 10 per cent iron-free sulfuric acid. Dilute with 
distilled water to 1 liter. Each cubic centimeter will contain 0.1 mg. of iron 
for use as a regular standard. To make weaker standards, dilute this 
standard solution accordingly. 


Procedure 

Transfer accurately 0.500 cc. of blood into a 50-cc. volumetric flask 
and introduce 2 cc. of Fe-free concentrated sulfuric acid. Whirl the 
flask to agitate the mixture for one or two minutes. Add 2 cc. of satu- 
rated potassium persulfate solution and shake. Dilute to about 25 cc. 
with distilled water, and add 2 cc. of 10 per cent sodium tungstic solu- 
tion. Mix. Cool to room temperature under the tap, and then dilute 
to volume with distilled water. Stopper the flask and invert 2 or 3 
times to effect thorough mixing. Filter through a dry filter paper into 
a clean, diy, receiving vessel. Pipette exactly 20 cc. of the clear fil- 
trate into a large test tube graduated at 20 and 25 cc. 

Measure into another similar test tube exactly 1 cc. of the standard 
solution containing 0.1 mg. of Fe per cubic centimeter. Add with a 
graduated 1-cc. pipette 0.8 cc, of Fe-free concentrated sulfuxic acid 
and dilute to the 20 cc. mark with distilled water. Cool to room tem- 
perature under the tap. Now add to both the unknown and standard 
1 cc. of saturated potassium persulfate and 4 cc. of 3 n potassium 
sulfocyanate solution. Insert clean rubber stoppers, mix and compare 
m a Duboscq colorimeter. 


Calculation 

The 20 cc. of filtrate taken represent 0.2 cc. of the original blood, and the 
quantity of standard solution used contains 0.1 mg. of Fe. Therefore, 
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— X 50 = milligrams of Fe per 100 cc. of blood. 

U 

To obtain volumes per cent of 0« capacity the figure representing mg. of 

'?2 4 

Fe per 100 cc. is multiplied by or 0.4, since the amount of hemoglobin 

binding 1 mg. atom of Fe, or 55.9 mg., also binds 1 mg. molecule of Oo, or 
22.4 cc. measured at 0°, 760 mm. 

The calculation of hemoglobin in terms of O 2 capacity therefore becomes: 

20 S 

— volumes per cent O 2 capacity of blood. 

OXYGEX.A.TED AND REDUCED HEMOGLOBIN. GASOMETRIC 

The blood is drawn from vein or artery under conditions completely pre- 
venting contact with air (see chapter on treatment of biological material, 
p. 53). The oxygen content is then determined as described in the chap- 
ter on gasometric methods. A portion of the blood is then used for deter- 
mination of the total oxygen capacity or carbon monoxide capacity as 
described in that chapter. The oxygen saturation of the blood is then cal- 
culated as: 

_ , volumes per cent O 2 bound by Hb in blood as drawn 

Per cent o.xygen saturation = 100 X — ; r ^ — - 7 — ; — — 

volumes per cent O 2 or CO bound by Hb in saturated blood 

The oxygen bound by the hemoglobin in the drawn blood is slightly less 
than the total oxygen content because the blood contains a small amount of 
dissolved ox}^gen. This is subtracted from the total oxygen to give the 
oxygen combined as HbOa- The amount to be subtracted can be estimated 
with sufficient accuracy from table 58. This table is calculated from the 
data of Bock charted in figure 52 of volume I. The dissolved O 2 is calcu- 
lated as 


millimeters of Oa tension X “TT — > 

7.6 

where a is the solubility coefficient of O 2 in water, p is the O 2 tension in 
millimeters of mercury, a. is multiplied by 0.8 on the assumption that the 
solubility of O 2 in blood is proportional to the water content. The exactness 
of this assumption is uncertain, but the amounts of dissolved oxygen calcu- 
lated with it are probably not far from correct. Winkler’s value, 0.0236, 
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for a at 3S° is used. Neglect to make the correction to observed blood O 2 
contents in order to estimate O 2 bound to hemoglobin is apparently respon- 
sible for the reporting in the literature of some arterial oxygen saturations 
as high as 100 per cent, v/hereas 96 or 97 per cent appears to be the highest 
saturation possible in a subject breathing atmospheric air at sea level. 

In place of determining the total hemoglobin by oxygen capacity gaso- 
metrically, one may, as a less accurate alternative, determine the total 
hemoglobin by one of the previously described colorimetric procedures. 


TABLE 58 

Oxygen Estimated Held in Physical Solution by Blood at 38° .at Different 
O. xYGEN Tensions .and Degrees of Hemoglobin S.atur.ation 


SATCRATIOS OF BLOOD Hb With 
Ol .AT pH^ 7.44 

1 TES’SION OF O 2 

j 

1 OXYGEN physically DISSOLVED 

IN BLOOD*^ 

per cenl 

1 mm. of Bs 

to/, per cent 

0 

0 

0.00 

10 

7 

0.02 

20 

12 

0.03 

30 

16 

0.04 

40 

20 

0.05 

50 

24 

0.06 

60 

30 

0.08 

70* 

35* 

0.09* 

SO 

43 

0.11 

90 

! 58 

0.15 

95t 

75t 

0.19t 

100 

ca. 120 

0.30 

loot 

139j 

0.35t 

ioo§ 

149§ 

0.40§ 


* Approximate for usual mi-xed venous blood. 

t Appro-ximate for usual arterial blood. 

t Blood equilibrated in vitro at 760 mm. barometric pressure and 38° temperature with 
air containing CO 2 at 40-mm. tension. 

§ Blood equilibrated in vitro at 760 mm. and 38° with air containing no added gas. 

Subtract from total blood O 2 content to obtain O 2 combined as HbOj. 

WTien oxygen saturations are determined, however, the conditions usually 
demand a maximum of accuracy for proper interpretation of the results, 
and it is desirable to adhere to gasometric procedures throughout. 

C.AJ^OXYHEilOGLOBIN. GASOMETRIC 

For accurate estimation of the proportion of hemoglobin saturated in 
blood wdth carbon monoxide one must determine the CO content of the blood 
and the total CO binding capacity. These determinations are described in 
the chapter on gasometric methods, pages 328 and 341. 
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CARBOXYHEMOGLOBIN. APPROXIMATE COLORIMETRIC METHOD OE SAYERS 

AND Y.ANTS (23) 

A quick and approximate method that requires no special apparatus and 
can be used in the field in cases of suspected carbon monoxide poisoning has 
been devised by Sayers and Yant in the Bureau of Mines. It depends 
upon Wetzel’s test, in which blood is treated with tannic acid. Normal 
blood thereby forms merely a gray suspension, while carbon monoxide 
blood forms a carmine red solution. 

Reagents 

Tannic acid solution. Two grams to 100 cc. of water. • 

Pyrogallol solution. Two grams to 100 cc. of water. 

Tannic acid-pyrogallol mixture. Equal weights of the two substances 
ground together in a mortar. 

Preparation of standards. Five cubic centimeters or more of normal blood 
are drawn and kept from clotting by the addition of 5 mg. of potassium ci- 
trate per cubic centimeter. 

One-half of the blood is diluted to 10 volumes with water. 

The hemoglobin in the other half is saturated with CO by rotating the 
blood about the walls of a 200-cc. bottle filled with air containing 3 to 5 per 
cent of carbon monoxide, and is then diluted to 10 volumes with water. For 
saturation a mixture of air and illuminating gas may be used. Of iUuminat- 
ing gas of the common “water gas” type, with about 35 per cent of CO, an 
8 or 10-fold dilution with air gives the proper CO content. The blood 
is saturated with CO before it is diluted with distilled water, instead of after 
the dilution, in order to minimize the volume of CO gas physically dissolved 
in the final solution. 

From these two solutions, one containing all the Hb in the form of HbOs, 
the other in the form of'HbCO, ten mixtures are made, each of 1 cc. volume. 
Amounts of 0.1, 0.2 cc., etc., of the HbCO solution are mixed with 0.9, C.8 cc. 
etc., of the Hb02 solution. The mixtures are placed in test tubes of thin 
clear glass, of approximately 15-mm. inside diameter. 

Equal volumes of the tannic acid and pyrogallol solutions are now mixed, 
and of the mixture 1 cc. is added to each of the 10 standard solutions. 
Each tube is inverted twice to mix the contents, and is then sealed by pour- 
ing in about 2 cc. of melted paraffin in order to prevent oxygen of the air from 
acting on the HbCO-Hb02 mixture. The paraffin is heated just enough to 
melt it and the test tubes are partially immersed in cold water while the 
paraffin is poured into them. After the paraffin has hardened the seal is 
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made permanent by placing a disk of paper over the paraffin in each tube and 
iilling the remainder of the tube with sealing wax. 

Standards thus made develop their full color in thirty minutes, and kept 
in a cool place v.dll remain tv.’o vreeks without sufficient change in color to 
interfere v,’ith the accuracy of the determination. 

Procedure 

A sample of 0.1 cc. of blood is drawn by ear or finger prick, and is 
diluted to 2.0 cc. with water. To the diluted blood approximately 40 
mg. of the mixture of equal parts of tannic acid and pyrogallol is added 
at once. The contents of the tube are mixed by inverting the tube 
several times, but no more than is necessary, for escape of significant 
proportions of CO from the blood must be prevented. The tube is 
placed in a rack and allowed to stand for thirty minutes. It is then 
compared with the series of standard solutions, and the percentage of 
saturation of the hemoglobin with carbon monoxide is estimated by 
iuterpolation. 

The observations are best made in broad daylight, but not in direct 
sunlight. The observer should stand with his back to the light, viewing 
the tubes by reflection, and should change their positions several times 
to note any difference due merely to unequal lighting effect. Observa- 
tions may be made after several hours without serious loss of accuracy, 
although such delay is inadvisable. 

METHEMOGLOBIN. GASOMETRIC 

The chemical methods for determining methemoglobin thus far proposed 
are based upon gasometric determinations of the O 2 or CO combining capac- 
ity of the unchanged hemoglobin. Methemoglobin determination is ac- 
cordingly treated entirely in the chapter on gasometric methods, page 353. 
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CIL\PTER XXI 


Proteins of Urine, Blood Plasma, and Body Fluids 

DISCUSSION 

Determination of total proteins 

The methods proposed for determination of urine and plasma proteins 
have been partly chemical and partly physical. 

Chemically the proteins have been determined by coagulating them and 
weighing the coagulum, or determining its nitrogen content by the Kjeldahl 
method, or by redissolving it and estimating the protein content by a quan- 
titative application of one of the protein color reactions. These procedures, 
especially the gravimetric and Kjeldahl, are capable of yielding uniform 
results. 

Because of the striking physical peculiarities of the plasma proteins and 
the fact that they constitute the greater part of the plasma solids, the prob- 
lem of finding conditions under which one of the easily determined physical 
constants of the plasma could be used as a measure of the protein content 
has been an inviting one. StarHnger and Hartl (26) have reviewed methods 
based on interferometric, polarimetric, viscosimetric and refractometric 
measurements, aU of which are influenced chiefly by the proteins among 
the plasma constituents. Of these measurements only the refractometric has 
proved sufficiently practicable to win any general use. It was introduced 
by Reiss (22) and was developed by Robertson (23) into a procedure for 
determining not only the total proteins, but also the albumin and globulin 
fractions separately. Neuhausen and Rioch (21) found that when proper 
constants w'ere used in the calculations refractometric and chemical methods 
in normal plasma agreed fairly well. Linder, Lundsgaard and Van 
Slyke (19), however, found refractometric deviations from Kjeldahl re- 
sults as great as 1.5 grams of total protein per 100 cc. even in normal 
plasma. Guillamin, Wahl and Laurencin (11) have obtained by the 
refractometric method similar errors in normal plasma, and in the plasma 
of edematous patients have found by refractometer up to double the amount 
of protein actually present by chemical analysis. This type of pathological 
plasma is excessively rich in lipoids and it is presumably by their efliect on 
the refractive index that the gross errors arise. It is in precisely this t}pe 
of plasma that the protein contents are of especial clinical interest. We 
shall accordingly not describe the refractometric methods. 
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Of the physical characteristics the specific gravity has proved to parallel 
the protein content closely enough so that specific gravity determinations 
are of practical value in clinical studies. Moore and Van Slyke (20) in a 
study of plasma changes in nephritis have found that specific gravity 
changes closely parallel protein changes, and that both show a high degree 
of correlation with the tendency to formation of non-cardiac edema. We 
shall accordingh' describe the simple specific gravity method used by them. 

Separation of protein fractions 

Methods for determination of the separate proteins or protein frac- 
tions depend upon their separation by fractional precipitation followed by 
chemical determination, gra\dmetric, Kjeldahl, or colorimetric. Fibrinogen 
is the most readily precipitated of the proteins. It coagulates with heat 
at the lowest temperature, is salted out by the lov/est concentrations of 
electrolytes, and from oxalate plasma coagulates spontaneously when the 
oxalate is precipitated with calcium. AU of these procedures have been 
used to separate fibrinogen from the other proteins (see Foster and Whipple 
fS)). 

Both fibrinogen and the other globulins are precipitated by half saturation 
with ammonium sulfate, by saturation wdth magnesium sulfate, or by the 
presence of 22 grams of anhydrous sodium sulfate per 100 cc. 

In the filtrate from the globulins, according to present methods, all the 
protein is determined as albumin. 

Only in the case of fibrinogen can the separation be considered a sharp 
one. The quantitative separation of the other globulins from albumin 
would require repeated precipitation and resolution to remove adsorbed 
albumin from the precipitate, and wmuld involve corrections for the measur- 
able solubility of the globulins in the precipitating salt solutions. By con- 
vention filtrate protein from a single precipitation wdth half saturated 
(XH 4 ) 2 S 04 , saturated MgSO^, or 22 per cent Na 2 S 04 , is calculated as “al- 
bumin.” The separation is approximate enough to \deld at least fractions 
which have quite different clinical significance in both urine and blood 
plasma. 

Hammarsten (12), in 1878, first showed that globulins could be salted out from other 
proteins of blood seram. The conditions under which such separation can be best effected 
have, since then, been carefully defined by many investigators, and especially by Howe 
(15, 16, 17) and Starlinger and Hartl (26). The use of magnesium sulfate entails the 
addition to serum of both a saturated solution of the salt and additional solid salt. Am- 
monium sulfate makes subsequent determination of the proteins by Kjeldahl difficult, 
but can be employed to advantage if the proteins are to be determined by some other 
method with which the presence of ammonia does not interfere. Howe (15), in 1921, 
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proposed sodium sulfate. This salt is less soluble than ammonium sulfate and at room 
temperature can not be made sufficiently concentrated to precipitate globulin completely. 
At incubator temperature, however, its solubility is sufficiently increased to permit its 
use as a globulin precipitant. Howe has also denned the concentrations of this salt that 
are required for the precipitation of fibrinogen and the individual globulin fractions. 
These are given in table 59. Since the urine proteins have the same properties as the 
plasma proteins, the figures presumably hold for both. 

Albuminous urines usually contain several times as much albumin as 
globulin, and apparently no chemically determinable amounts of fibrinogen. 
Usually only total urine proteins are determined: rarely the albumin and 
globulins are estimated separately for clinical purposes. 

In plasma this separation is much more frequently used, and separate 
determinations of fibrin are not uncommon. 

TABLE 59 

C0N’CENTR.A.Xr0NS OF SODIUM SULF.A.TE REQUIRED TO PRECIPITATE THE DiPFEREXT 

Proteins of Blood Plasma 


Na2S04 concentration 



molar 

per ce7it 

Fibrinogen 

0.76 

10.6 

Euglobulin 

1.00 

14.2 

Pseudoglobulin I . . 

1.25 

17.7 

Pseudoglobulin II. 

1.50 

21.5 


Choice of methods 

For accuracy the gravimetric methods stand first. In the Kjeldahl 
procedures, the errors of the Kjeldahl determination are added to those of 
isolation, but since even micro Kjeldahl analyses can be done with errors 
not exceeding 1 per cent, protein estimations by this method are but slightly 
less accurate than the gravimetric. 

The colorimetric methods are, in the authors’ experience, liable to errors 
up to 10 per cent, likewise the rapid sedimentation test which is described 
for urine proteins. 

F or urine total protems, if accurate results are desired one should therefore 
use either the gravimetric or Kjeldahl method. If approximate results 
suffice, the sedimentation method is as exact as the colorimetric, and much 
more simple, rapid, and convenient. 

For urine albumin and globulin determined separately only colorimetric 
methods are available. Results of clinical significance connected with gross 
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clianges of the albumin-globulin ratio have been obtained with these 
methods. To the uncertainty of the colorimetric technique, however, is 
added that due to partial solubility of the globulin under greatly varying 
conditions of dilution. The writers therefore present these methods 
without attemipting even an approximate estimate of their accuracy. The 
procedures provide means for comparing results with others by the same 
methods in the literature, and are described merely for that purpose. 

For plasjyia proteins the same remarks hold with regard to the relative 
accuracy of gravimetric, Kjeldahl, and colorimetric methods. The sepa- 
ration of aluminum and globulin in plasma, however, appears to be a some- 
what more exact procedure than in urine, because in plasma the concen- 
trations of the proteins are greater and less variable than in urine. For 
total protein and fibrin in plasma the gravimetric and Kjeldahl procedures 
are accurate. The specific graxfity method is the best rapid indirect proce- 
dure that the writers have encountered for indicating the approximate total 
protein content. 

TOTAL PROTEINS OP URINE. GRAMMETRIC METHOD OF FOLIN AND 

DENIS (6) 

Reagents 

Five per cent acetic acid. Five cubic centimeters of glacial acetic acid 
diluted with water to 100 cc. 

0.5 per cent acetic acid. Five cubic centimeters of glacial acetic acid 
diluted to 1 liter. 

Fifty per cent ethyl alcohol. 


Frocedtire 

Ten cubic centimeters of urine axe pipetted into an ordinary conical 
centrifuge tube that has been previously weighed. To this urine is 
then added 1 cc. of 5 per cent acetic acid, and the tube is allowed to 
stand fifteen minutes in a beaker of boiling water to coagulate the pro- 
teins. The tube is then centrifuged for a few minutes. The super- 
natant liquid is poured off and the precipitate is stirred up with about 
10 cc. of hot 0.5 per cent acetic acid and again centrifuged. The super- 
natant liquid is again poured off, and the precipitate in the tube again 
washed, this tune with 50 per cent alcohol. After centrifuging and 
pouring off the supernatant liquid for a third time the tube is placed 
for 2 hours in an air bath at 100® to 110°, then cooled in a desiccator 
and weighed. 
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TOTAL PROTEINS OP URINE. MICRO KJELDAHL METHOD 

The proteins are precipitated with the Fohn-Wu tungstic acid precipitant 
as used by Wu and Ling (30) in the first step of their colorimetric determina- 
tion. The proteins are purified free from other nitrogenous substances 
by redissolving the precipitate in sodium tungstate solution, and repre- 
cipitating by adding sulfuric acid. The nitrogen in the precipitate is 
determined by micro Kjeldahl analysis. 

Reage}iis 

Ten per cent sodium tungstate and two-thirds normal sulfuric acid used in 
FoIin-JJ'u blood protein precipitation (seep. 65). 

Sodium hydroxide. 5 N solution. 

Procedure 

Transfer to a graduated 15 cc. centrifuge tube a volume of filtered 
urine estimated to contain 2 to 10 mg. of protein. For a very heavy 
proteinuria (1 to 2 grams per 100 cc.) the sample required is 0.5 cc., 
for a lighter proteinuria 1 to 5 cc. Dilute with water to 10 cc. Add 2 
cc. of 10 per cent sodium tungstate and 2 cc. of | n sulfuric acid. Stir 
the mixture with a slender glass rod and centrifuge. In case the super- 
natant fluid is milky in appearance, which occurs only with alkaline 
urines, add a few more drops of f n sulfuric acid, stir, and centrifuge 
again. Carefully decant the clear supernatant fluid. Add 1 cc. of 
sodium tungstate solution to the precipitate in the tube and stir until 
it has dissolved. Dilute to 10 cc., add 1 cc. of f n sulfuric acid, stir, 
centrifugate, and decant again. Repeat the procedure once more to 
remove completely non-protein nitrogenous substances. If the volume 
of the centrifuged precipitate exceeds 1 cc. dissolve the precipitate in 
a few cubic centimeters of water plus a few drops of strong NaOH, 
dilute to 10 cc., and take for Kjeldahl analysis an aliquot part that would 
give about 0.5 cc. of protein tungstate precipitate. 

For analysis either the entire precipitate or an aliquot of its solution, 
taken as above described, is transferred to a tube or micro Kjeldahl 
flask, and the nitrogen content is determined as described for micro 
Kjeldahl analyses of protein-containing material in the chapter on 
nitrogen. 

TOTAL PROTEINS OE URINE, RAPID APPROXIMATE SEDIMENTATION METHOD 
01 SHEVKY AND STAFFORD (24) 

Esbach’s method of estimating protein content by the volume of picric 
acid protein precipitate, despite the known fact that it may give results 
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varying from half to tv/ice the true amounts, has held its own through years 
because of its convenience. Finally Tsuchi},’a (28; showed that an alcoholic 
solution of phosphotungstic and hydrochloric acids used in the same way 
gave much more accurate results, presumably because of the greater specific 
gravity of the phosphotungstate precipitate. Shevky and Stafford (24) in 
Addis’ laboratory further increased the accuracy by throwing down the 
precipitate in graduated centrifuge tubes instead of depending upon sedi- 
mentation by gravity. Even by this method the error may exceed 10 per 
cent; but it is extremely rapid and simple, and about as exact as the colori- 
metric procedures. 


Reagents 

Tsuchiya's solution. Fifteen grams of phosphotungstic acid, 50 cc. of 
concentrated hydrochloric acid, and 1 liter of 95 per cent alcohol are mixed. 

Procedure 

The following procedure, used in routine work by E. M. MacKay 
(personal communication) deviates in some details from the original 
description. The first step is dilution of the mine. Nephritic urines 
are usually diluted 10-fold. In urines with very scanty protein con- 
tent less dilution or none at all will give more exact results. Occasionally 
a urine is encotmtered with more than 2.8 per cent of protein, which is 
the maximum which can be determined with a 10-fold dilution. In 
such a case a fresh sample is diluted 20-fold and the determination 
repeated. 

Of the diluted urine 4 cc. are measmed into the special graduated 
centrifuge tube described below, the 4-cc. mark on the tube itself serving 
for the measmement. Then Tsuchiya’s reagent is added until the 
tube is filled to the 6.5-cc. mark. The tube is closed and the contents 
are mixed by inverting slowly 3 times. After the mixing the tube is 
allowed to stand exactly 10 minutes, when it is centrifuged for exactly 
10 minutes at 1800 revolutions per minute. The volume of precipitate 
is read on the scale. 

The calculation follows the formula: 

Grams of protein per liter urine = cubic centimeters of precipitate X 7.2 X dilution 

where “dilution” indicates the number of times the urine was diluted before 
the sample was measured into the tube. 

The centrifuge tube, made of P}Tex glass, is shown in figure 81. It was 
iesigned by Dr. E. M. MacKay. It is graduated into 0.01 cc. divisions 
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at the bottom for the first 0.4 cc. From there to 1.0 cc. it is graduated to 
0.1 cc. divisions. Above the 1.0-cc. mark it is graduated at 2.0, 3.0, 4.0 
and 6.5 cc. The inner diameter of the wide upper part of the tube is 15 mm. 
mm., that of the narrow lower part divided into 0.01 cc. divisions is 3.8 mm. 
All of the calibration marks are rings which go completely around the tube. 

TOTAL PROTEINS, GLOBULINS, AND ALBUMIN IN URINE. HILLER’S (13, 14) 
MODIFICATION OF AUTENRIETH’S (2) COLORIMETRIC METHOD 

Albumin and globulin are separated by precipitating the latter with so- 
dium sulfate, as in Howe’s technique for plasma protein separation. The 



Fig. 81. Centrifuge tube for the determination of protein in urine by the method of 
Shevky and Stafford. 

separated proteins are determined by the colorimetric method of Autenrieth 
(1, 2), which depends on the development of the biuret color by proteins 
treated with coper sulfate and alkali. 

The chief disadvantages of the original Autenrieth method were the lack 
of satisfactory standards and the tedious technique of precipitating and 
washing the proteins. In Hiller’s method the standards are prepared from 
solutions of pure biuret. One milligram of biuret gives a color equal to that 
produced by 0.924 mg. of either total urinary protein or the albumin in the 
sodium sulfate filtrate from the globulins. Instead of heat and acetic acid 
trichloroacetic acid is used to precipitate total protein and albumin, which 
are centrifuged instead of being washed on a filter. 
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Reagents 

Ten per cent trichloroacetic acid solution. 

Three per cent sodium hydroxide solution. 

Thirty per cent sodium hydroxide solution. 

Twenty per cent copper sidfate solution, containing 2i') grams CuSOroHjO 
per 100 cc. of solution. 

Forty-four per cent sodium sulfate solution containing 44 grams anh 3 'drous 
Xa 2 S 04 per 100 cc. of solution. This solution is saturated at 37° and must 
be kept at that temperature to prevent crc'stallization. The sodium sulfate 
solution must be neutral to litmus. 

Standard biuret solution. Dissolve 0.4000 grams of biuret in distilled 
water and dilute to a volume of 150 cc. This solution will keep in the ice 
box at least a month. ^ 

Procedure 

Preparation of urine samples. Adjust a portion of urine (50 to 200 
cc.) to a pH of about 7.4, slightly alkaline to sensitive litmus paper. 
The reaction may be adjusted with more certainty by removing drops 
and testing with phenol red. Filter if not perfectly clear. This same 
specimen can now be used for the precipitation of globulin and for total 
protein. 

Determbiation of total protein 

Measure 2 cc. of the specimen into a graduated centrifuge tube, add 
an equal volume of 10 per cent trichloroacetic acid, mix with a narrow 
glass rod, and centrifuge five minutes. If the volume of precipitate 
is between 0.2 and 0.6 cc., the amount of protein in it can be read against 
the standard described below and the analysis is continued as described 
in the next paragraph. If the volume of precipitate is larger or smaller 
a second precipitation is performed, with enough urine to jdeld a pre- 
cipitate of between 0.2 and 0.6 cc. 

Pour off the supernatant fluid, draining as dry as possible. Dis- 
solve the precipitate in about 3 cc. of 3 per cent sodium hydroxide solu- 
tion and wash into a 10-cc. graduated cylinder with portions of 3 per 
cent sodium hydroxide until the volume has reached about 9 cc. Add 
0.25 cc. of 20 per cent copper sulfate solution, dilute to 10 cc. with 3 
per cent sodium hydroxide. Mix thoroughly by shaking, let stand 10 
minutes, centrifuge, and compare the supernatant fluid in a colorimeter 
against a standard prepared at the same time. 

^ Kahlbaum’s biuret is satisfactor>L 
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To prepare the standard color solution measure 5 cc. of the standard 
biuret solution, containing 13.33 mg. of biuret, equivalent to 12.3 mg. 
of protein, into a 10 cc. graduated cylinder. Add distilled water to 8 
cc., add 1 cc. of 30 per cent sodium hydroxide, 0.25 cc. of 20 per cent 
copper sulfate solution, then dilute to 10 cc. with water. Mix thoroughly, 
let stand 10 minutes and centrifuge. Transfer the supernatant fluid 
to the colorimeter cup, and compare with the solution of urine protein, 
setting the depth of the standard column at 15 mm. 


Calculation of total protein 


12J 5 
U V 


grams of protein per liter of urine. 


£'is the reading of the unknown solution, .S' the reading of the standard, 
and F the cc. of urine used. 


Precipitation of globulin 

To 10 cc. of urine prepared as described above, add 10 cc. of 44 per 
cent sodium sulfate solution, mix well and place in an incubator at 37°C. 
for three hoxirs. Filter until a perfectly clear filtrate is obtained. 

Determination of albumin 

With the filtrate from the sodium sulfate precipitation proceed as 
described under “determination of total protein,” performing the 
precipitation tentatively with a volume of filtrate 4-fold that of the 
urine taken for total protein determination. 


12.3 S 
U V 


Calculation of albumin 
grams of albumin per liter of urine. 


Calculation of globulin 
The globulin is estimated by difference. 

(Total protein) — (Albumin) = (Globulin). 


BENCE-JONES PROTEINS IN URINE. GRAVIMETRIC METHOD OE EOLIN AND 

DEisrrs (7) 

The presence of such proteins can be detected qualitatively by the char- 
acteristic temperature reactions.- If the urine containing the protein is 
gradually heated clouding begins at from 40° to 55°C., increasing in 
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intensity, until at about 65°-7(TC. precipitation becomes complete and the 
coagulated protein settles out sharply. As the temperature continues to 
rise the precipitate begins to redissolve between 95“ and lOO^C. and dis- 
solves completely after the solution has boiled for a short time. When it is 
recooled the precipitate reappears slightly below lOO^C., and then redis- 
solves when the temperature has fallen to somewhere bef.veen 40° and 
55°. These reactions, especially the clearing on boiling, are sharply 
demonstrable only if the urine is distinctly acid; the tests are therefore 
best carried out after the urine has been acidified with acetic acid. If the 
concentration of protein is great, the coagulum formed at low tempera- 
tures ma>’ dissolve with difficulty or incompletely on boiling. In this case 
the reactions become clearer if the urine is diluted with other, protein-free 
urine or acidulated salt solution before the tests are made. If the urine 
contains other proteins these mask the characteristic reaction by coagulat- 
ing when the urine is boiled. In this case these proteins must be pre- 
cipitated by heat and removed by filtration, and the tests for Bence-Jones 
protein must be applied to the serum-protein-free filtrate. As an alter- 
native procedure the Bence-Jones protein may be coagulated from slightly 
acid solution at a temperature of 60° to 65°, removed by filtration, and 
resuspended in protein free urine or acidulated salt solution. 

Reagents 

A 5 per cent solution of acetic acid. 

A 50 volume per cent solution of alcohol. 

Procedure of Folm and Denis 

To 10 cc. of urine in a weighed centrifuge tube add 1 cc. of 5 per 
cent acetic acid. Let the tube stand overnight in a water-bath at a 
temperature of 60°. The next morning centrifuge the mixture and 
decant the supernatant liquid. To the precipitate in the tube add 10 
cc. of 50 per cent alcohol. Stir the sediment up well, recentrifuge and 
again decant the supernatant liquid. Repeat the washing with alcohol 
once. After decanting the alcohol dry the precipitate in an oven at a 
temperature of 100° to 110°. Weigh the tube and precipitate. 

One hundred times the weight of the precipitate is the amount of the 
protem in 1 liter of urine. 

Taylor and Miller (27) prefer precipitation from cold acid solution by 
hah-saturation with sodium sulfate. The precipitate, isolated by filtration 
on a hardened filter, is vrashed in succession wdth 95 per cent alcohol, abso- 
lute alcohol, alcohol and ether, and ether. It is finally dried and weighed. 
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TOTAL PROTEINS OF SERL'M OR PLASilA. GRAMMETRIC AIETHOD OF BIERRY 

AND \T\’ARRO (3) MODIFIED BY GUILLYUMIN, WAHL, AND LAURENCIN (11) 

Reagents 

Acetone. 

0.1 -Y acetic acid. 

0.6 per cent sodinm chloride. 

Procedure 

Two or 3 cc. of serum or plasma are pipetted into 10 cc. of acetone 
in a centrifuge tube. The acetone precipitates the proteins and dis- 
solves the lipoids. The mixture is stirred with a rod and permitted 
to stand three hours. It is then centrifuged, the supernatant fluid is 
decanted, and the precipitate is washed twice by stirring it up with 
fresh acetone and centrifugating. A desirable precaution is to pour 
the washings through a small filter so that any suspended particles of 
precipitate may be retained. 

With the same stirring rod the precipitate is mixed with 20 cc. of 
0.6 per cent sodium chloride solution, whereby partial solution is ob- 
tained. The solution and undissolved proteins are washed into a 
porcelain dish, a few drops of methyl red are added and then' acetic 
acid until the pH is reduced to approximately 4.7. The dish is covered 
and heated an hour on a boiling water bath to coagulate the proteias. 

The protein precipitate is washed into a weighed Gooch crucible with 
hot water followed by alcohol and ether, and is dried over night in an 
oven at 105°. After cooling in a desiccator it is weighed. 

This is the most rigidly exact of plasma protein methods, because the 
acetone treatment removes lipoids, and the acetic acid coagulation 
removes salts, from the protein precipitate. In the other methods, 
described in the following pages, the lipoids are precipitated with the 
proteins, and their nitrogen content probably causes a slight plus enor 
in the protein figure. 

TOTAL PLASMA OR SERUM PROTEINS. KJELDAHL METHOD 

The nitrogen is determined by macro Kjeldahl analyses in 1.0 cc. 
of serum or plasma, or by micro Kjeldahl in 0.1 cc. The non-protein 
nitrogen is also determined, as described in the nitrogen chapter. 


Total nitrogen — IfPN — protein nitrogen. 
Grams of protein nitrogen X 6.25 = grams of protein. 
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In ordinary serum or plasma the protein nitrogen is about 1000 mg. per 
PHI cc. and the non-protein (or rather non-colloid) nitrogen only 35ztl0 
mg. or 3.5= 1.0 per cent as much. Therefore, when there is no nitrogen 
retention, one can. v.dth an error not e.vceeding 1 per cent, omit the non-pro- 
tein nitrogen determination, and assume it to be 35 mg. per 100 cc. for the 
above protein nitrogen determination. 

TOTAL PROTEIN CONTENT OP PLASMA ESTIMATED FROM SPECIFIC GR.A.\TTY. 

MOORE ANT) VAN SLYRE (20) 

Procedure 

Blood is drawn into a vessel containing about 1 mg. of heparin per 
cubic centimeter of blood. The blood is centrifuged, preferably in 
a stoppered tube to prevent evaporation. For determining the specific 



Fig. 82. Flask for the determinatioa of the specific gravity of plasma by the method of 
Moore and Van Slyke (20). 


gravity, bottles of the common type shown in figure 82 and of approxi- 
mately 2 cc. capacity are used,- When such a bottle is filled with solu- 
tion and closed with a dry glass stopper slight amounts of fluid are 
drawn up by capillary attraction between the stopper and the neck of 
the flask, and evaporate when they reach the groove at the top of the 
neck. When the total amount of fluid is only 2 cc. the loss by this 
evaporation is sufficient to cause significant errors. It may be prevented, 
however, by placing a thin ring of vaseline about 3 mm. wide around 
the stopper as shown in figure 82. Such a band of vaseline adds 0.1 
to 0.5 mg. to the weight of the bottle. For each determination the 
bottle with the vaselined stopper is first weighed empty. It is then 
filled with the plasma at approximately room temperature. A small 
drop of plasma pressed out of the capillary through the stopper is left 

- These special bottles can be obtained from Eimer and Amend in New York. 
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on the latter for 10 or 13 minutes, during which the bottle stands in 
the balance case to come to its temperature. After this interval the 
drop is wiped off cleanly, the bottle is wiped with a clean cloth, and is 
weighed to within 0.1 mg. The specific gravity is calculated as 

weight of plasma held by bottle at 20° 

Specific j,ra;ity ^.gight of water held by bottle at 20° 



Fig. S3. Chart of temperature correction factors for the specific gravity of plasma as 
determined by the method of Moore and Van Slyke. The curve indicates the number of 
milligrams that are to be added to, or subtracted from, the determined weight of the 
plasma in a bottle of 1.9 to 2.1 cc. capacity to give the weight of plasma at 20°C. 


It is convenient to weigh the filled bottles at room temperature as 
above described, and estimate the weight at 20° by adding or subtracting 
a correction in milligrams, rather than to bring to 20° for each weighing. 
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The corrections for a bottle of 1.9 to 2.1 cc. capacity are given by the 
curve in figure 83. For bottles of greater or less capacity the correction 
taken from figure 83 is multiplied by the factor 

capacit}’ of bottle in cubic centimeters 


The protein content vith a rnaximum error of 6.6 gram per 100 cc. can be 
estimated from the specific gravity, G, by the formula, 


Grams uf total protein per 100 cc. of plasma = 343 ‘ G — 1.007.). 

Total PROTEIX, GLOBULIX, AXD ALBUTIIX IX SERE-M or PLAS.MA, howe’s 
RJELDAIIL METHOD (16) 

Reagents 

0.9 per cent solution of sodium chloride. 

Tieeniy heo per cent solution of sodium sulfate. 22 gm. anhydrous Xa^SO^ 
to 100 cc. This solution is supersaturated at room temperature and must, 
therefore, be kept well-stoppered, and at 38°. 

Procedure 

The plasma non-protein nitrogen is determined by the usual 
micro Kjeldahl technique (see non-protein nitrogen determination, 
p. 336) in a timgstic acid or trichloroacetic acid filtrate. 

Total plasma nitrogen. For macro determination dilute 1 cc. 
of plasma to 25 cc. with 0.9 per cent NaCl solution and analyze 10 cc. 
aliquots by the usual macro Kjeldahl technique. For the digestion the 
Amold-Gunning mixture plus peroxide or persulfate, as described in 
the nitrogen chapter, is used. The titrations are made with 0.05 x 
alkali and acid. A blank determination is run on all the reagents, 
including the sodium chloride. 

For micro determination 0.5 cc. of plasma is diluted to 5 cc. and 
portions of 1 cc. are used for micro Kjeldahl determinations. 

Plasma albumin plus non-protein nitrogen. Plasma, pi- 
pettes, flasks, and funnels must all be kept constantly at 37° to 38° in 
order to prevent crystallization of the sodium sulfate from the solution. 

For macro determination. One cubic centimeter of plasma is 
placed in a small Erlemneyer flask, and 30 cc. of the 22 per cent sodium 
sulfate solution are added, and a small crystal of thymol. Mix, stopper 
the flask, and allow it to stand in an incubator at 38° for three hours or 
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longer. Then filter in the incubator through a hardened filter paper. 
The filtrate contains the albumin and non-protein nitrogen. Certain 
plasmas do not filter clear at once. In these cases it is necessary to 
pass the cloudy filtrate through the filter two or more times until a clear 
filtrate is obtained. Occasionally from highly lipemic plasmas a clear 
filtrate can not be obtained. In such a case one must analyze the still 
somewhat cloudy filtrate. The suspended matter appears to be fat 
which does not significantly affect the nitrogen figures. Of the filtrate 
10 cc. portions are analyzed by the macro Kjeldahl procedure. 0.02 
N acid and alkali are used for the titration. A blank determination 
must be run which includes all the reagents, including the sodium 
sulfate. 

For micro determination 0.5 cc. of plasma is mixed with 15 cc. of 
sodium sulfate and the rest of the procedure is carried through in the 
same manner. Five cubic centimeters aliquots are used for micro 
Kjeldahl analyses. 


Calculation 

The nitrogen values are calculated in the usual manner as described in 
the nitrogen or gasometric chapter. 

Grams nitrogen per 100 cc. of plasma are calculated by multiplying the 
grams of nitrogen found in the sample analyzed by 100/ F, where F indi- 
cates the cubic centimeters of plasma represented in the sample. In the 
determination of the total nitrogen the value of 100/ F is 250 for the macro 
Kjeldhal, 1000 for the micro. In the analyses of the albumin NPN in 
the filtrate the value of 100/F is 310 for the macro Kjeldahl, 620 for the 
micro. 

The different protein fractions are calculated as follows: 

Albumin N = (Albumin N -f NPN) - (NPN) 

Globulin N = (Total N) - (Albumin N + NPN) 

Total protein N = (Total N) — (NPN) 

Protein is calculated as nitrogen X 6.25. “NPN” indicates non-protein 
nitrogen. 

Remarks 

In the laboratory of one of the authors the macro modification here de- 
scribed of Howe’s technique is used. In the laboratory of the other author 
the micro modification, with micro Kjeldahls by the gasometric method 
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described on page 354 is cmplo^ced. Both procedures have proved satis- 
factory in some years of routine. 

The point in the analysis that is most likely to cause variation in the re- 
sults is the precipitation of the globulins with sodium sulfate. It is an 
empirical appro.\'imate separation rather than a sharply quantitative one, 
and deviations in results betv/een two duplicate filtrates are more likely 
to occur than differences between Kjeldahl analyses of the same filtrate. 
It is therefore essential to carr\' out two duplicate precipitations of the 
globulins. One analysis of the filtrate of each is made. If they do not agree 
the Kjeldahls are repeated, to find whether the difference is due to these or 
to the filtrations. 

TOT.tL PROTEIN, GLOBULIN, .AND .ALBUMIN IN SERUM OR PLASMA. COLORI- 
METRIC METHOD OF AVU AND LING (29, 30j AS MODIFIED BY 
GREENBERG (10)^ 

Wu (29) introduced the procedure of determining plasma proteins colori- 
metrically by means of the phenol molybdate-tungstate reagent, which 
presumably reacts v.dth the phenol group of the tyrosine in each protein. 
Wu and Ling (30) improved the method, and Greenberg (10) has further 
modified it by apphing tlie new improved phenol reagent of Folin and Cio- 
calteu (5) and using the sodium sulfate procedure of Howe (15) for separat- 
ing proteins. Greenberg estimates the accuracy of the method to be 5 per 
cent of the amounts determined. 


Reagents 

Sodium sidjate solution. 22.5 grams anhydrous Xa 2 S 04 per 100 cc. This 
solution must be kept at 38° to prevent crystallization. 

Sodium Jiydro.xide. 5 N solution. 

Tyrosine-standard. 200 mg. Unrosine made up to 1 liter in 0.1 N hydro- 
chloric acid. 

Folin’ s colormetrk phenol reagent. The Folin and Ciocalteu (5) improve- 
ment of this reagent described in the chapter on phenol methods, p. 655. 

Procedure 

Pipette 0.5 cc. of plasma from a calibrated pipette into a 15 or 20-cc. 
test tube. Add exactly 9.5 cc. of 22.5 per cent sodium sulfate solution 

®Xote added to proof. The writers have been advised bj’’ a colleague that this 
colorimetric method, when applied to the plasma of patients with nephrosis, gives in- 
correct albumin: globulin ratios. Apparently the chromogenic power of the proteins, 
in either the albumin or the globulin group, or both, can suffer marked alteration in 
disease. 



694 


PROTEINS 


with a pipette of that volume or from a burette. Stopper, agitate thor- 
oughly and set aside for about two hours in an incubator at 37° to 38“ 
to allow coagulation of the globulin. At the end of this period, filter 
into another test tube, using a fairly retentive filter paper (Whatman 
No. 42 is satisfactory). Examine to see that the filtrate is clear; if not, 
pour back on to the filter paper. After the filtering is nearly complete, 
remove the tube containing the filtrate to be used for albumin analysis. 
The residue of globulin in the test tube in which the precipitation was 
carried out is now washed on to the filter paper by two washings with 

3 cc. each of sodium sulfate solution. 

The globulin precipitate is then washed twice more with 3 cc. portions 
of sodium sulfate solution. The two protein fractions are now estimated 
as follows. 

Globulin. The funnel with filter paper containing the globulin 
precipitate is placed over a 50-cc. volumetric flask, a small hole is 
punched in the bottom of the filter paper with a wire or drawn out glass 
rod, and the globulin is dissolved and washed into the volumetric 
flask by a stream of approximately 0.01 n sodium hydroxide from a 
wash bottle. The washing is completed with distilled water until the 
flask is about half full. The filter paper is then unfolded and examined 
to see that all the globulin is dissolved. To the flask there are now 
added 2 cc. of 5 N NaOH and 3 cc. of the phenol reagent. The flask 
must be agitated while the phenol reagent is being added, to prevent 
a large local excess, which may result in a turbid precipitate. The 
flask is now filled to the mark with distilled water and the contents are 
thoroughly mixed. A standard is prepared at the same time by pipetting 

4 cc. of the standard t 3 n'osine solution into another 50 cc. volumetric 
flask, adding about 25 cc. of water, then 2 cc. of sodium hydroxide, 
and 3 cc. of phenol reagent, agitating the contents of the flask during 
the course of adding the reagents, and finally filling with water to the 
graduation mark. After both have stood for from five to ten minutes 
to insure full color development the solutions are placed in colorimeter 
cups, the standard is set at the 20 mm. mark on the colorimeter, and 
the imknown compared with it. 

Albumin. For the determination of the albumin, a 5-cc. aliquot 
of the filtrate is pipetted into a 50-cc. volumetric flask, about 25 cc. of 
water are added, then 2 cc. of 5 n sodium hydroxide and 3 cc. of the 
the phenol reagent. The flask is then filled with distilled water to 
volume and the contents are thoroughly mixed. A standard is pre- 
pared at the same time with 4 cc. of standard tyrosine solution. After 
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five to ten minutes the colors are read with the standard set at the 20- 
mm . mark on the colorimeter. 

Total plasma or serum protein. Determination of total plasma 
protein can be carried out according to the procedure given above, with 
either 0.2 cc. of plasma measured directly in a 0.2 cc. pipette or, perhaps 
more accurately, as a 2 cc. aliquot of 1 cc. of plasma that has been 
diluted in a 10 cc. volumetric flask. The comparison is carried out 
in the usual manner against a 4 cc. portion of standard tyrosine solu- 
tion. This determination of total protein gives the possibility of de- 
termining the globulin, not directly, but by subtracting the value of 
the albumin fraction from the total protein. It is more accurate, how- 
ever, to determine both albumin and globulin independently as de- 
scribed above. 


Calculations 

The general formula for calculating the percentage of protein in plasma 
or serum from the colorimetric reading is 

S 100 f 

p X r X ~p- X = grams oi protein per 100 cc. of plasma. 

In this formula 5 is tlie point at which the standard is set, U the reading of 
the unknown, T the milligrams of tyrosine in the standard solution, V the 
volume of plasma in cubic centimeters represented in the sample used, and f 
the number of milligrams of the protein which give the same amount of color 
as 1 mg. of tvTosine. The standard in each of these analyses contains O.S 
mg. of tyrosine, hence T = O.S. The values of f are: total protein, 16.0; 
albumin, 16.8; globulin, 14.4. The volumes V of plasma represented in . the 
samples analyzed are: total protein, 0.2 cc.; albumin, 0.25 cc.; globulin, 
0.5 cc. With the above numerical values inserted the formula becomes, for 
the respective protein determinations: 


2.30 X — = grams of globulin per 100 cc. 
Jj 


5.3S X p = grams of albumin per 100 cc. 


6.4 X p == grams of total protein per 100 cc. 
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Precautions 

The color obtained with the phenol reagent is dependent on the age of the 
plasma sample. The amount of color obtained decreases with time as the 
plasma stands. On this account freshly obtained plasmas that have stood 
no longer than over night should be used for the analysis. The alkali and 
phenol reagent are to be in the proportions recommended. These amounts 
were found to give optimum color development under the conditions of the 
analytical method. 

EIBRIN or PL.A.SMA 

For the separation of fibrin from plasma most of the recent methods utilize 
the procedure developed by Cullen and Van Slyke (4) in which calcium 
chloride is added to o.valated plasma in amounts to supply the optimum 
excess of dissolved calcium for formation of a fibrin clot. Thirty-fold dilu- 
tion of the plasma with 0.8 per cent NaCl solution was found to give an opti- 
mum dilution. Gram (9) has developed a similar procedure for use with 
citrated blood. 

Precipitation offibrm. Cullen and Van Slyke (4) 

Reagents 

0.8 per cent NaCl solution. 

Calcium chloride solution containing 2.5 grams of anhydrous CaCh or 5 
grams of crystalline CaCh • dHoO per 100 cc. 

Procedure 

The amount of potassium oxalate added to the whole blood should 
be approximately 5 mg. per cubic centimeter. Of the centrifuged 
plasma 5 cc. is taken for analysis if the fibrin is to be determined by 
macro Kjeldahl analysis, 2 cc. if it is to be weighed, and 1 cc. if it is to 
be determined by micro Kjeldahl or Wu’s colorimetric procedure. 

For each cubic centimeter of plasma 30 cc. of 0.8 per cent NaCl solu- 
tion are added, then 1 cc. of the calcium chloride solution. The solu- 
tions are mixed and allowed to stand for about an hour for coagulation to 
become complete. The clot is then treated as follows, according to 
the method by which it is to be determined. 

Macro Kjeldahl determination of fibrin in precipitate. Cullen and Van 

Slyke (4) 

The clot from 5 cc. of plasma is transferred to a filter paper in a 
funnel and is washed 5 times with 0.8 per cent NaCl solution. At 
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each washing sufficient solution is poured on to the filter to cover the 
clot and is allowed to remain there for 10 minutes by closing the outlet 
of the funnel with a piece of rubber tubing and a pinch-cock. The 
filter paper and the washed fibrin are transferred to a Kjeldahl flask 
and analyzed by an appropriate Kjeldahl technique. The fibrin is cal- 
culated as nitrogen times 6.25. 

Gravimetric determination of fibrin precipitate. Foster and Whipple (S) 

The clot obtained by Cullen and Van Slyke’s method from 2 cc. of 
plasma is freed as completely as possible from fluid by gentle manipula- 
tion and pressure with a glass rod and is then washed in distilled water. 
The clear fibrin is then placed in a small porcelain crucible and dried 
at 110° for ten hours. The crucible is cooled in a desiccator and 
weighed. It is then ignited over a Bunsen burner for about fifteen 
minutes, again cooled in a desiccator, and reweighed. The difference 
gives the weight of ash-free fibrin. 

ilficro Kjeldahl determination of fibrin precipitate 

The clot obtained by Cullen and Van Slyke’s method from 1 cc. of 
plasma is transferred to a dry filter. While filtering insert into the 
jelly a slender glass rod with a pointed end and rotate gently (29). 
All the fibrin will usually stick to the rod. Transfer the fibrin to a dry 
filter paper and slip it off the rod. If any bits of fibrin have remained 
on the first filter they are picked up with the tip of the rod and trans- 
ferred to the second. The clot is pressed in the second filter paper to 
remove adherent fluid as completely as possible. 

For micro Kjeldahl determination the clot is transferred to a proper 
test tube or micro Kjeldahl flask and analyzed as described for proteins 
in the nitrogen chapter. 

Colorimetric determination of fibrin precipitate. Wu (29, 30) 

The procedure of Wu and Ling (30) is used. The Folin colorimetric 
phenol reagent is used, and the color developed is presumably due to 
the tyrosine group in the fibrin. The later Folin and Ciocalteu phenol 
reagent employed above for albumin and globulin can not at present 
be used for fibrin because the factor for it expressing the mg. of fibrin 
that give color equivalent to 1 mg. of tyrosine has not yet been deter- 
mined. 
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Colorwielric reagents. 

1 N sulfuric acid. 

2.5 N sodium hydroxide. 

0.25 X soduim hydro.xide. 

The original Folin phenol reagent, which is prepared as follows: In a 1.5 
liter flask dissolve 100 grams of sodium tungstate, Na?W04 -21120, and 
25 grams of sodium molybdate, Na2Mo04 -21120, in 700 cc. of water. Add 
50 cc. of 85 per cent phosphoric acid (the syrupy phosphoric acid of com- 
merce) and 100 cc. of concentrated HCl. Boil with a reflux condenser for 
eight hours and make up to 1 liter. 

A standard tyrosine solution prepared by dissolving 50 mg. of tw'osine 
in 250 cc. of 0.1 x hydrochloric acid. 

Colorimetric procedure. The fibrin clot, freed from adherent solu- 
tion as above described for the micro Kjeldahl determination, is trans- 
ferred to a 15-cc. centrifuge tube. Four cubic centimeters of the 0.25 
X NaOH are added and the tube is heated in a water bath until the 
fibrin has all dissolved, leaving calcium oxalate in suspension. Ten 
cubic centimeters of water added and the mixture is centrifuged to 
remove the calcium oxalate. The supernatant solution is transferred 
to a 25-cc. volumetric flask, 0.5 cc. of the phenol reagent is added, 
then water to about 20 cc., 1 cc. of the 2.5 n sodium hydroxide, and 
finally water again to the 25-cc. mark. The solution is mixed and let 
stand an hour for the color to develop. At the same time a standard 
is prepared by measuring 1 cc. of the tjnrosine solution into a 25-cc. 
flask, adding 0.5 cc. of phenol reagent, water to 20 cc., etc. At the 
end of the hour unknown and standard are compared in a colorimeter. 

Since the 0.2 mg. of tyrosine in the standard gives as much color 
as 2.26 mg. of fibrin, the fibrin content of the plasma is calculated as 
follows : 


— X 0.226 = grams of fibrin per 100 cc. of plasma. 

where TJ and 5 represent colorimetric readings of unknown and standard, 
respectively, and the fibrin is from a 1 cc. sample of plasma. 

DETERMINATION OE TOTAL PROTEIN IN CEREBROSPINAL FLUID, AND IN 
TRANSUDATES AND EXUDATES 

The micro Kjeldahl or Wu and Ling colorimetric procedure described 
above for urine is applied. The amount of cerebrospinal fluid taken is 
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usually 5 cc. Of transudates and exudates from 0.3 to 2.0 cc. is taken, 
depending upon the protein content. Since the amount of non -protein 
nitrogen is relatively small compared v.'ith that in the urine, one reprecipi- 
lation only is necessary before the hnal analysis. 
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Blood \'olume 

DISCUSSION 

Weicker (29) made the first careful study of the blood volume of experi- 
mental animals by exsanguinating them completely, a procedure which had 
already been applied to human beings (criminals) by Lehmann and Weber 
(15). Although similar procedures have been employed by subsequent 
investigators in physiological studies, they are ob\'iously unsuitable for 
clinical purposes. For such purposes methods have been devised which 
depend on two general principles. ‘ 

1. A known amount of some foreign substance, suoh as a colloidal dye or 
carbon monoxide, which will not diffuse out of the circulation to a significant 
extent in the time required to mix ^vith the entire blood stream, is admitted 
to the latter. After mixture is complete the concentration of the foreign 
substance is determined, and from the result the volume of blood with 
which the substance has been diluted is calculated. 

2. The change of concentration of some normal blood constituent may 
serve, under limited conditions, as a measure of changes in blood volume, 
but is of no value for the determination of the absolute volume of the cir- 
culating blood. 

Both tx-pes of methods may again be subdixdded into: (a) those that 
measure directly the number or volume of the circulating red blood cells 
and (b) those that measure the volume of the plasma. 

General requirements of such methods are that: 1, within the time limit 
of the experiment the substances dissolved in blood to measure its volume 
must not leave the circulation in significant and undetermined quantities; 

2, such substances must be uniformly dispersed throughout the blood stream; 

3, they must remain confined to that phase of the blood — i.e., plasma or 
cells— which is to be estimated, or be uniformly distributed in both phases; 
and 4, the sample of blood withdrawn must be fairly representative of that 
in the whole circulating system. 

It is impossible to claim that any method yet dexdsed has been proven to 
meet completely and quantitatively aU these requirements. Both the dye 
method and the carbon monoxide method, however, appear to approach the 


^ For a review of the literature on blood volume methods up to 1919 see Salvesen (22). 
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requirements with sufficient constancy to give results which serve as useful 
approximations. 

These two t^pes of methods do not indicate the same blood volumes. 
The dye method measures directly the volume of the plasma, since the dye is 
dissolved in this medium. The volume of wffiole blood is calculated from the 
plasma volume by multiplying the latter by the ratio, 100 : volume percent 
plasma in blood, found by hematocrit. By the dye method an average 
plasma volume in normal men has been found of approximately 50 cc. per 
kilo body weight (11). From this, and the mean normal plasma proportion 
of 54 volumes per cent, the mean blood volume is calculated at about 93 cc. 
per kilo by the dye method. Results from injection of other colloids, 
hemoglobin (6, 14), gelatin (18), or gum acacia (18, 19), agree with those by 
the \ital red method. On the other hand, the mean total blood volume 
found by the carbon monoxide method has been 60 or 70 cc. per Mlo (3, 22). 
The source of this difference has been the cause of much work and discussion. 

It has been especially studied by Whipple and Smith and their collabo- 
rators (1, 2a, 4, 10, 23, 24, 25, 26) . The source of error most readily suspected 
of causing high results is escape of the dye from the circulation. Yet these 
investigators found that different dyes gave the same results, and the curves 
of their rate of diminution in the blood with time indicated that if the rate 
of escape in the first four minutes, before the blood was drawn for the first 
analysis, was not faster than during the next four minutes, the error from 
this source was slight. Also when dissolved hemoglobin instead of dye was 
injected, the plasma volume calculated from its dissolved hemoglobin con- 
tent (14) wms the same found by the dye methods. The decreases in plasma 
volume found by the dye method after controlled hemorrhages (2a) approx- 
imated the volumes of plasma withdrawn. The explanation offered by 
Smith, Arnold, and Whipple (26) for the high blood volumes obtained 
the dye, compared with the CO method, was that the ratio, plasma vol- 
ume: cell volume, is in reality greater in much of the blood in the body 
than in the sample withdrawn from a peripheral vein f or analysis. The greater 
part of the circulating blood is in the capillaries and small vessels. Smith, 
xAmold, and Whipple pointed out that microscopic observation indicated 
the presence next the walls of the small vessels of a ring of plasma practically 
free from corpuscles, and that this plasma ring might constitute as much as 
40 per cent of the blood in such vessels. Hence these authors believed 
that the dye methods indicated correctly the volume of blood plasma in the 
body, but that when the volume of blood cells or total blood was calculated 
from the plasma volume by means of a cell : plasma ratio equal to that in an 
analyzed venous sample, the cell or blood volumes so estimated were grossly 
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too high. Later results of Smith (25), however, indicate that part of the 
reason for the high plasma volume obtained by the dye methods may in fact 
be escape of the dye from the circulation. Smith found that in a fev/ 
minutes enough dye had entered the lymph to make a larger error than the 5 
per cent v.'hich he, Arnold, and Whipple ( 26.) had estimated by assuming 
that escape of dye from the circulation v/as no greater in the first four min- 
utes than in the second four minutes. To judge from Smith’s studies of the 
iMiiph, there may be a sudden passage of dye into the lymph during the 
first minutes after injection, and relatively slow passage thereafter. 

There appears to be no reason to ascribe any error to the assumption that 
dye is evenly mLxed throughout the blood stream four minutes after its 
injection. Keith, Rowntree and Geraghty (11) and Smith (24, 25) have 
shown that the concentration of \ital red in the circulating blood changes 
but little between the fourth and tenth minutes after its injection. 

It is possible that the inherent errors of the dye method are e.vaggerated 
in certain physiological conditions, as Lamson (12, 13) has suggested. He 
found paradoxical differences in the variations of hemoglobin, cell volume, 
and dye concentrations under certain conditions. These diff'erences may at 
least in part be due, as Smith (25) has pointed out, to swelling or contraction 
of the cells in response to chemical reactions. 

We may conclude that volumes of plasma and blood estimated by dye 
methods are probably too high, but that if every precaution is taken to avoid 
the introduction of additional e.xtraneous sources of error and the technique 
is carried out in the standard manner prescribed by Hooper, Smith, Beit 
and WTiipple (10), results can be obtained which give an indication of the 
variations in health and disease. 

The carbon monoxide method was first applied by Grehant and Quin- 
quaud (8), who determined the concentration of carbon mono.xide in the 
blood after inhalation of known amounts of the gas. 

The method is applied with the assumption that, because of the great 
affinity of blood hemoglobin for carbon monoxide, all of the gas remains 
in the circulating red blood cells. This assumption "was questioned by 
WTiipple and his collaborators (1). They pointed out that the body con- 
tains hemoglobin outside the circulation, particularly in the bone marrow 
and in the form of myohemoglobin in the red muscles. The myohemoglobin 
is identical with blood hemoglobin in many, perhaps all, respects. It com- 
bines with the same proportion of o.xygen (4a). It also combines with car- 
bon monoxide. Wiiipple (30) finds that in dogs the myohemoglobin is pres- 
ent in amounts to combine with from 10 to 80 per cent as much oxygen as the 
blood hemoglobin, the greatest amounts of myohemoglobin being present in 
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the muscles of animals which were fit from training, the least in those which 
had been confined. It is obvious that when the tissues contain such 
amounts of hemoglobin, carbon monoxide w^hich enters the blood must, 
if given sufficient time, redistribute itself between blood and tissues in pro- 
portion to the amounts of hemoglobin in each. The question of impor- 
tance, in so far as the carbon monoxide blood volume method is concerned, 
is: Does the passage of CO from blood to tissues occur with sufficient 
rapidity to decrease significantly the amount of the gas in the blood during 
the few' minutes required for a blood volume determination? A decisive 
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Fig. 84. Diagram of apparatus for the administration of carbon monoxide in the deter- 
mination of blood volume. From Chang and Harrop (3). 

answ'er to this question might be given by permitting animals to inhale CO 
for several minutes, and then killing them, immediately exsanguinating 
the muscles, and analyzing them for the CO compound of myohemoglobin. 
Such experiments have not been done, and in their lack one must draw what 
appear to be the most probable conclusions from other facts and from the 
knowm behavior of carbon monoxide combined with blood hemoglobin. 

From the following considerations it appears improbable that the shift 
to the muscles and other extracirculatory depots of hemoglobin is significant 
in the few minutes required for a determination. Van Slyke and Robbins 
(27) injected intravenously into dogs blood saturated with carbon monoxide 
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and v.iihdrev/ samples of venous blood at intervals beginning three minutes 
after the injection. Any decrease in CO content of the circulating blood 
after mixture with the injected sample would be the sum of two losses, to air 
in the lungs and to muscle and other hemoglobin in tissue depots. The 
loss through both paths in the seven minutes after the first three-minute 
samples were dravrn was only a few per cent of the injected CO. It appears 
that if a marked passage of CO from the blood to the tissues occurs during 
the first three minutes it must occur by means of a diffusion incomparably 
faster than that to both lung air and tissues during subsequent minutes. In 
other words, CO must distribute itseK between blood and tissues so quickly 
that almost an instantaneous equilibrium is attained. This would require 
CO to dissociate from its firm combination with blood hemoglobin and pass 
into the tissues with infinitely greater speed than it dissociates and passes 
from the blood into the alveolar air during circulation through the lungs. 
Such a rapid dissociation of carboxyhemoglobin, and such a relatively 
greater loss to the tissues than to the air in the lungs, where the structure is 
especially adapted to rapid gas exchange, seems practically impossible. 

An idea of the possible ma.ximum rate of diffusion of CO from blood into tissues of man 
may be gained from an e.xperiment of Chang and Harrop (3). They had subjects breath 
air containing CO from a closed system, such as is shown in figure 84, for twenty minutes, 
during which practically all of the CO was absorbed by the subjects. Then, w'hile still 
breathing air from the same system, so that loss of CO from the lungs w’as excluded, the 
subjects exercised vigorously on a stationary bicycle for ten minutes. This procedure 
should open up the capillaries of the large muscles and stimulate circulation through them 
in such a way that the diffusion of CO into the muscle tissue would be several times faster 
than in the resting subject. The average diminution of the CO content of the blood during 
the exercise was only 5 per cent. 

Smith, Arnold and WTiipple (26) were inclined to believe that a quick distribution of CO 
between blood and tissues did occur. They found that when the amount of hemoglobin 
in the bodies of dogs calculated by the CO method was compared with the amount that 
could be obtained from the blood by exsanguinating the same animals and washing out 
their vessels by perfusion, the blood hemoglobin thus regained varied from 67 to 100 per 
cent of that calculated by the CO method, and averaged 85 per cent. WTien to the hemo- 
globin from the drawn blood was added that which could be extracted from the tissues 
and bone marrow, it brought the average up to 95 per cent of that found by the CO method. 
Hence Smith, Arnold, and \\'hipple (26) believed that the CO method measured the 
total tissue -j- blood hemoglobin rather than only the blood. In view of the variability 
of the results, however, and of the considerations advanced above, it appears more prob- 
able that the 15 per cent average deficit hemoglobin found in the blood, compared with 
that calculated by the CO method, was attributable to other factors than sudden diffusion 
of CO from blood to tissues. Any failure to obtain and determine 100 per cent of the 
blood hemoglobin b\’ the exsanguination method would cause a discrepancy, and it appears 
not impossible that the deficit found in the hemoglobin of the blood may have been due 
to unavoidable experimental difficulties in obtaining it all. 
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In SO far as one can judge, the carbon monoxide method appears to be 
without serious sources of error for determination of the amount of circulat- 
ing cells and hemoglobin. The extent of its accuracy for the volumes of 
plasma and whole blood depends upon the constancy of the hemoglobin con- 
tent of blood in the large and small vessels. Smith, Arnold and Whipple 
(26) have advanced serious arguments (quoted above in discussing the dye 
method) to show that the blood in the small vessels contains much more 
plasma and less cells than the blood of the large veins tapped for analyses. 
If these arguments hold, it is probable that volumes of plasma, and hence 
of whole blood, estimated by the carbon monoxide and hematocrit method 
are too low; but whether by a significant extent appears at the moment 
uncertain. 

THE MTAL RED METHOD EOR THE DETERMINATION OE BLOOD AND PLASM.\ 
VOLILME. KEITH, RO\VNTREE, AND GERAGHTY (11) 

These authors first employed vital red for the determination of plasma volume in 1915 
(11). They found that this dye was non-to-vic, that it was only slowly removed from the 
circulation, and that it lent itself well to colorimetric estimation. 

During the war the supply of vital red in this country became e.xhausted. This led 
WTiipple and his associates (4, 10, 24) to seek a substitute. They found that hemoglobin 
(14) and several dyes besides vital red were satisfactory for plasma volume estimation. 
The best of these were brilliant vital red and a blue azo dye, ortho toluidine combined with 
2 molecules of 1.8-amido-2.4-sulphonic acid, T-1924 of their series (4). The latter is 
perhaps the best of ail the dyes investigated. Because of its blue color it does not mask 
hemolysis as the red dyes do. It is, however, not easy to obtain and therefore has not 
been employed by others. Brilliant vital red is easy to procure and, if due precautions 
are taken to prevent hemolysis, is eminently satisfactory. 

Hooper, Smith, Belt and WToipple (10) also modified the method of Keith, Rowntree 
and Geraghty by mixing the blood sample with an isotonic solution of oxalate instead of 
the powdered salt to prevent coagulation. The latter causes the cells to shrink and there- 
fore disturbs the proportions of cells and plasma and yields high relative values for 
plasma volume. 

Franke and Benedict ( 6 ) have, like Lee and Whipple (14), found that the dye technique 
could be applied to animals with the use of hemoglobin solutions for injection in place 
of dye soludons. Franke and Benedict used a solution prepared by laking centrifuged 
cells in about 4 volumes of w'ater and then adding enough NaCl to make the solution 
isotonic. Of this they injected 1 cc. for each kilo body weight. The method has appar- 
ently not been applied to human subjects, and might be dangerous unless the hemoglobin 
solutions were made from human cells from individual belonging to the same blood group 
as the subject. 


Precautions which must he observed 

Throughout the procedure the production of venous stasis must be 
avoided. A tourniquet may not be used. Instead, momentary gentle 
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rTt-ssure may be applied to the arm just above the elbov,- for a fe',v seconds 
immediately preceding each venous puncture and must be removed as soon 
as the needle has entered the vein. The e.xtremities should be v/arm at the 
time of the experiment. Lindhard !l7j recommends moderate exercise 
between the two venous punctures to accelerate the circulation and pro- 
mote distribution of the dye. He has shown that this measure greatly 
diminishes the concentration of dye in the blood. This he interprets as 
evidence of more complete dissemination of the dye. It may, however, in- 
dicate escape of the dye from the vessels. At any rate exercise has not been 
adopted by others as part of the technique of blood volume determination, 
and causes values far higher than any that have been pre\dou3ly obtained 
bv any blood volume method. To obtain results comparable to others in 
the literature, exercise should therefore be avoided. Lindhard (17) claims 
that if dye injections are repeated often on the same subject it is found that 
the subject develops a tolerance for the dye which enables him to remove it 
from the blood more rapidly than usual. WTaen this tolerance has developed 
the method is no longer applicable. Smith (23) on the other hand, experi- 
enced no difficulty ■with repeated determinations in dogs. 

The interval between the injection of dye and the removal of the blood for 
analysis must be not less than four minutes and as little as possible greater 
than four minutes. Care must be taken that all the dye enters the vein. 

Dye, saline, and other solutions ’ii'hich are intended for intravenous injection 
should be prepared from icater distilled not more than hoenty-four hours before 
the determination, to prevent production of ‘‘water or salt reactions, and must 
be carefully sterilized by boiling or autoclaving. 

Special solutions and apparatus required 

Freshly distilled water (see above), sterilized by boiling for ten minutes. 

Xonnal saline solution. Nine grams of NaCl diluted to 1 liter with freshly 
distilled w'ater. This should be boiled ten minutes to sterilize it, cooled 
again to room temperature, and then diluted to volume with the sterile 
boiled water, -with precautions against bacterial contamination. 

A 1 per cent solutio?i of brilliant vital red (Evans’ for blood volume estima- 
tion-) in freshly distilled water. This should be sterilized, like the saline, 
by boiling and then brought back to volume wdth sterile distilled water. 

A ihf per cent standard brilliant vital red solution made by diluting 0.75 cc. 
of the 1 per cent solution to 200 cc. ■with ■water. 

- It ia essential to use a high grade preparation suitable for intravenous use, if untoward 
reactions are to be avoided. 
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Isotonic 1.6 per cent solution of sodium oxalate {10). Dissolve 1.6 grams 
of sodium oxalate in water and dilute to 100 cc. Place 10 cc. of the solution 
in a test tube and add 2 drops of 0.07 per cent phenol red. If necessary 
titrate to a pH of 7.3 ± 0.2 with 0.1 n oxalic acid or sodium hydroxide 
Add a proportional amount of the acid or alkali to the remaining 90 cc. of 
oxalate. For example, if 0.1 cc. of 0.1 n oxalic acid is required to neutral- 
ise 10 cc. of oxalate add 0.9 cc. to the remaining 90 cc. of solution. 

A cciirately calibrated centrifuge tubes. 

Syringes, 20-cc., accurately calibrated. 

Procedure 

A needle is inserted into one of the antecubital veins without stasis 
and a sample of blood is withdrawn. Through the same needle a 
known volume of the sterile 1 per cent vital red solution (about 1 cc. 
for each 5 kilos of body weight) is introduced and washed in with a 
small amount of sterile saline. The needle is then withdrawn from 
the vein. 

After an interval of exactly four minutes a second sample of blood 
is taken from a vein of the opposite arm. 

Each sample of blood, as soon as it is taken, is transferred to a centri- 
fuge tube containing enough isotonic oxalate solution to make a mixture 
of about 1 part oxalate to 4 parts of blood. The volume of oxalate 
solution used must be accurately measured. 

The two centrifuge tubes are now whirled for thirty to forty-five 
minutes at 2000 to 2500 r.p.m. The volume of the red cells and the 
total volume of blood + oxalate in the tube containing the dyed blood 
are read off. As an alternative the cell volume may be determined in 
an ordinary hematocrit (see p. 73). 

Two cubic centimeters of the dye-colored plasma are removed and 
diluted with 4 cc. of 0.9 per cent NaCl solution. This mixture is com- 
pared in the colorimeter with a standard prepared by mixing equal 
volumes of 0.9 per cent NaCl solution, standard vital red solution, and 
uncolored plasma. 


Calculation of results 

267 D CU 

- — — ^ = cubic centimeters of plasma volume in the body 

U and S are readings of unknown and standard respectively in the color- 
imeter. D = the cubic centimeters of 1 per cent vital red solution injected. 
C is the ratio 
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Cubic centimeters of r>iasma 
Cuijic cer.timt'ters oi ulasnia -f- Mxalate 

in the centrifuge tube. 

100 

Bluod volume = nlasma volume X 

per cent plasma in blood 

Per cent plasma in blood is the observed percentage of plasma + oxalate 
solution, measured in the centrifuged oxalated blood, multiplied by C. 

The formula is derived as follows. 

The concentration of dye in the plasma is inversely proportional to the volume of plasma 
vdth which the injected dye is diluted. Therefore: 

(Cubic centimeters of plasma volume; : D — 1 : (per cent dye in plasma) 

D 

Cubic centimeters of plasma volume = 

per cent dye in plasma 


Per cent dye in o.xalate plasma = 


Per cent dye in circulating plasma 

Hence, 


_L 

267 ^ U' 

1 5 1 

“ 267 ^ C 


Cubic centimeters of plasma volume 


267 D U C 


Example: Fifteen cubic centimeters of dye are injected. Standard and unknown read- 
ings are 20 and 25 mm. respectively. Two cubic centimeters of o.xaIate and 8 cc. of blood 
are mixed in the centrifuge tube, and 7 cc. of clear fluid are found over the blood cells in the 
tube after centrifugation. Of the 7 cc. of clear solution, 2 cc. are added oxalate solution, 
and the remaining 5 cc. represent the plasma volume. Hence C = 7 , and the plasma 
content of the blood was f X 100 = 62.5 volumes per cent. From these data the cal- 
culations are made: 


267 X 15 X 5 X 25 

Volume of plasma in body = — — ^ = 35S0 cc. 


100 

Volume of blood in bodv = 3580 X tz-y = 5780 cc. 

62. D 


Results are given to only 3 significant figures, because the accuracy of the method does 
not justify expressing the fourth figure. 
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THE CARBON" MONOXIDE METHOD 

This method, devised by Grehant and Quinquaud (8), was later applied 
by Haldane and Smith (9) and by Douglas (5) to the elucidation of physio- 
logical problems. For the determination of CO in blood Haldane and Smith 
and Douglas emplo^-ed carmine titration, difficult to perform accurately. 
The accuracy of the procedure was enhanced by introduction of the gaso- 
metric blood CO method by’" \ffin Sh’ke and Salvesen (28). However, the 
sensibility of the analytical method still remained so low that accurate 
determinations of blood volume required that as much as one-third of the 
blood hemoglobin be saturated with CO. Later refinements of analytical 
technique by Van Slyke and Robbins (27) and Chang and Harrop (3) 
permit the attainment of an equal degree of accuracy when only one-tenth 
of the blood hemoglobin is saturated with CO. The test is thereby rendered 
useful for clinical purposes. 

For animal experimentation Van Slyke and Robbins (27) have described 
a technique in which a known amount of blood saturated with CO gas is 
injected intravenously. For clinical "work, however, inhalation appears to 
be a preferable method of administration. 

Procedure for administration of carhoji mojioxide gas by Chang and Harrop's 
(3) M odification of Grihant and Quinquaud’ s method 

The apparatus is illustrated schematically in figure 84. It consists of a 
rubber rebreathing bag into which the patient breathes through a rubber 
mouth piece (a close-fitting mask may'" be used for unconscious subjects) 
and a glass-connecting tube. Between the bag and the mouthpiece is 
interposed a soda-lime container to remove carbon dioxide. This bottle 
may' be placed in an ice jacket to precipitate excessive moisture. The 
bag is equipped "with a side arm through which measured amounts of carbon 
monoxide can be introduced from a gas burette and oxygen can be admitted 
from a gas cydinder to replace that removed from the bag by the subject. 
That complete mixture with air in the lungs may be quickly obtained, the 
total amount of gas in the bag is kept as small as possible, so that at the end 
of inspiration it is nearly collapsed. Oxygen is admitted from a pressure 
tank equipped with a needle valve in amounts just sufficient to balance 
removal. The oxygen concentration in the gas breathed should not exceed 
30 per cent. A greater concentration of oxygen retards the combination 
of blood hemoglobin with CO. In the apparatus of Chang and Harrop the 
total volume of gas in the system at the moment of complete normal expira- 
tion did not usually exceed 2500 cc. A side tap placed in the connection 
between bag and absorber permits the removal of a gas sample just before 
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ti'.e conclusion of the experiineni. to detenriine the concentration of CO in 
the bag. 

Carbon monoxide is prepared and stored by the method described on 
j'lage 344 in the chapter on gasometric methods. The gas should be ana- 
lyzed from time to time to test its purity. Such analyses can be made in 
a Haldane or \’’an Slyke-Xeill gas anal\-sis apparatus, either by combustion 
as described for hydrogen) or b\' absorption vrith cuprous chloride solution. 
They can be carried out v.-ith sufficient accuracy by shaking a measured 
amount of gas in a Hempel pipette with the cuprous chloride solution and 
measuring the unabsorbed residue. 

Details of Procedure 

The whole system shown in figure 84 is first washed out with air to 
remove residual traces of carbon monoxide. This can be accomplished 
with use of suction if desired. 

After the washing a small amount of air is introduced into the re- 
breathing bag through stopcock b or through the breathing tube as 
desired. Valve c is then turned to connect the mouth piece with the 
room air; cocks h and a are set in position /. 

CO is introduced into the burette through B from the CO reservoir 
through an interposed three-way stopcock. This allows the burette 
connections to he washed out with the gas before the burette is filled. 
When the burette is full and adjusted to atmospheric pressure the 
reservoir stopcock is connected with the outside air and stopcocks a 
and h are m position 2. The CO is then washed from the connecting 
tubes by expelling air from the rebreathing bag first through B and then 
through A. 

The CO reservoir is now removed and the oxygen cylinder is con- 
nected to A. With the stopcocks set in position 3, the required amount 
of air is introduced into the rebreathing bag through B by water dis- 
placement from coupled aspirator bottles, and stopcock b is turned to 
position 4. After the volume of CO in the burette has been read under 
atmospheric pressure a is set in position 4 and the desired amount of 
CO is driven into the bag by raising the leveling bulb, a is now turned 
to position 5, a few cubic centimeters of oxygen are admitted to drive 
the residual gas from the connections into the bag, and the volume of 
CO remaining in the burette is read under atmospheric pressure. 

For an adult of average size about 100 cc. of CO are required, with 
proportional variation for children and for adults who deviate greatly 
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from the average size. The observed volume of CO introduced is 
reduced to standard conditions by means of the factors on p. 129. 

The mouthpiece is now comfortably adjusted to the mouth of the 
patient and the nose-clip is attached. After a short preliminary period 
to permit the patient to become accustomed to the apparatus, cock c 
is connected with the rebreathing bag. Rebreathing is continued for 
twenty minutes, during which oxygen is slowly admitted as it is required 
from the cylinder. Just before the close of the period the oxygen is 
shut off and the patient is allowed to rebreathe the air in the system. 
At the end of the twenty minutes cock c is again connected with the out- 
side air and the patient is disengaged. 

The amount of unabsorbed residual CO left in the bag and the 
lungs must be ascertained and subtracted from the amount of CO 
introduced into the system, in order to calculate the amount of CO 
absorbed into the blood. Without, as a rule, causing significant error 
in the blood volume found, one may assume that the residual CO is 1 
per cent of the CO introduced. (If the residual CO were twice as 
much, it would make an error of only 1 per cent in calculating the ab- 
sorbed CO and the blood volume.) 

Theoretically a more precise procedure is to analyze the gas in the 
bag for CO, and multiply the CO concentration found by the total gas 
volume in the Itmgs and apparatus at the moment when the experiment 
was ended. The CO content of the gas in the bag may be determined 
by one of the methods given in Chapter 3. Methods for estimating 
both the gas volume in the apparatus and that in the lungs are given 
in the chapter on lung volume. 

Just before the close of the rebreathing period a sample of blood is 
taken from a vein of the arm by the anaerobic technique of Austin et 
al. (see p. 53) with the precautions against stasis described tmder the 
vital red method. The blood may be defibrinated or oxalated. Sam- 
ples are analyzed for carbon monoxide by the method of Van Slyke and 
Robbins or of Sendroy and Liu (see gasometric methods, p. 332). 

If it is desired to estimate the volumes of cells and serum separately 
the blood may be defibrinated anaerobically and the cell volume deter- 
mined by means of the hematocrit. Or oxalate may be used as anti- 
coagulant. In this case a measured volume of blood is mixed in a 
second tube with a known volume of neutral, isotonic (1.6 per cent), 
solution of sodium oxalate, as described for the dye method, and the 
mixture is used for hematocrit determinations. 
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Calculation 

cubic centimeters of CO introduced — cubic centimeters of residual CO = 
cubic centimeters of CO absorbed 

1 iX( X cubic centimeters of CO absorbed 

— E . , , — ; = cubic centimeters of blood volume in bodv 

volume per cent oi CO in blood 

. , , per cent cells in blood 

c centimicters ot blood volume X — = cubic centimeters of cell volume 

100 

cubic Centimeters of blood volume — cubic centimeters of cell volume = 
cubic centimeters of plasma volume. 

ESTIMATION OF BLOOD VOLUME CHANGES FROM CHANGES IN CELL OR 
PROTEIN CONTENT 

For the determination of changes in blood volume, variations in the 
concentration of different normal blood constituents have been employed. 

The constituents most commonly employed are hemoglobin, red blood cell 
volume, serum or plasma proteins, and total solids. Such methods are, of 
course, of limited value. Although most of the substances enumerated 
do not, under ordinary circumstances traverse the vessel walls, their con- 
centration in the blood is not dependent solely upon the volume of the blood. 

Changes in hemoglobin concentration and in cell count (2) of the blood 
serve, with a degree of accuracy at present quite uncertain, to indicate 
changes in the volume of total circulating blood. The possibility has al- 
ready been discussed that the concentration of red cells and hemoglobin 
may be less in the blood of the small vessels than in that of the large ones. 
Perhaps because of variations in the distribution of the blood betw-een the 
two types of vessels, the hemoglobin concentration of blood from the periph- 
eral vessels appears to be capable of quick changes amounting to as much 
as 10 per cent (see hemoglobin chapter of volume I, p. 549). Unless con- 
trol tests carried out on the same subject under the conditions of the obser- 
vation show no tendency to such spontaneous disturbances, it is difficult 
to attribute much accuracy to hemoglobin or cell content changes as meas- 
ures of blood volume changes. 

Changes in the volumes per cent of red cells determined by hematocrit 
are even less reliable as measures of blood volume variations. In addition 
to the factors that cause spontaneous variation in hemoglobin concentra- 
tion, the cell volume is affected by changes in the pH and osmotic pressure 
of the plasma, which cause the cells to swell or contract. 
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Plasma proteins aid only in estimation of changes of plasma volume and 
may not be used, as they too frequently have been, to measure variations 
of total blood volume. Under normal conditions it is justifiable to assume 
that the vessel walls and blood cell membranes are impervious to protein, 
but in certain circumstances it is possible and even probable that proteins 
escape from the capillaries (7). Until more is known of the site and manner 
of production and destruction of these proteins it is impossible to evaluate 
the importance of such factors in the causation of protein changes. 

All these methods for the determination of relative blood or plasma 
volume are applicable only to the study of rapid changes. The intervals 
between determinations must be short enough to preclude the effect of 
regenerative and destructive processes. 
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CHAPTER XXIII 


Total Base 

DISCUSSION 

For many biochemical purposes, such as estimation of the total electro- 
Ivte content of biological solutions, or the measurement of the loss of fixed 
base during pathological conditions, a determination of the total fixed bases, 
Xa -f K + Ca -f iMg, serves in place of separate estimations of the indi- 
vidual alkalies. Fiske (1) developed for urine a total base method in which 
the material was ignited with su'ifuric acid, turning all the bases into 
sulfates. The amount of total base was ascertained by determining with 
the benzidine titration method (discussed on p. 890, in the sulfur chapter) 
the SO4 content of the sidfate mixture. The method is accurate, relatively 
convenient, and avoids the possible errors involved in some of the quick 
micro methods for estimating sodium and potassium by complex precipi- 
tates of readily variable composition. Van Slyke, \Vu and IMcLean (4) 
applied the principle of Fiske’s method to the estimation of total base in 
blood after the proteins had been removed by trichloroacetic acid. They 
weighed the SO4 as BaS04. Several investigators, including Cullen, Gamble, 
Loeb and Atchley, Stadie and Ross (2) and the writers have employed micro 
modifications of the blood method in which conditions were fitted to the 
benzidine titration, and by informal exchange of experiences have developed 
a fairly uniform practical procedure. The modifications described below 
have been developed in detail by Dr, Alma Hiller and Miss Carter Lee for 
routine use in the laboratories of the authors. 

Van Slyke, Hiller, and Berthelsen have developed a quite different pro- 
cedure for determining the SO4 in the total base method. They shake the 
solution of sulfates with pulverized insoluble barium iodate. The reaction, 
Ba (103)2 + Xa2S04 = BaS04 + 2 XalOs, occurs, SO4 being precipitated 
and an equivalent of IO3 going into solution. The dissolved IO3 is deter- 
mined gasometrically by measuring the N2 gas evolved by reaction with 
hydrazine (see gasometric methods, p. 401) . This method has an advantage 
in that it requires but a small amount of material, 1 cc. of serum sufficing 
for duplicate analyses. The dissolved IO3 could also be determined by 
iodometric micro-titration. 

Because of the extreme inequality of the distribution of sodium, potassium and 
total base between cells and serum, analyses of whole blood for these constii- 
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uents are of no value for clinical purposes. If knowledge of the distribution 
of these constituents between cells and serum is desired, one of two courses 
can be pursued. Either cells and serum can be analyzed separately; or 
less accurately cells and whole blood can be anah’zed, cell volume can be 
determined simultaneously by means of the hematocrit (see p. 73) and 
cell content of base calculated from these data. Precautions must be taken 
to prevent transfer of water across the cell membrane as the result of changes 
in the CO-^ and O 2 content of the blood (see p. 1020-25 of V olume I). 

The total base method is not applicable to feces. Presumabl}' because 
of the frequently high calcium content, and failure to redissolve all the 
Ca.SOi formed, the results are likely to be low. Sometimes a urine with 
very high calcium content also gives a low result, but the error is infrequent, 

TITRATION OF TOTAL EASE IN URINE AND SERU^U BY BENZIDINE SULFATE 
ilETHOD. -ADAPTATION OF FISEE’s (1) METHOD BY STADIE .AND 
ROSS (2), HILLER .AND LEE 

Reagents 

Sulfuric acid, 4.0 x. 

Nitric acid, concentrated. 

Hydrogen peroxide, 30 per cent (Merck’s “superoxol”) . 

Concentrated ammonia, solution. 

Dilute annnonia solution. One volume of concentrated ammonia plus 
9 volumes of water. 

Ferric ammonium sulfate. 3.18 grams Fe (NH^) (SO^o -121120 in 100 
cc. of water. 

Benzidine solution. Four grams para-benzidine in 45 cc. 1 n hydrochloric 
acid diluted to 250 cc, with distilled water. If a brown residue forms, the 
solution should be filtered through ash-free filter paper before it is used. 
This solution contains 175 milli-equivalents of benzidine hydrochloride 
and 5 milli-equivalents of free HCL per liter. 

Acetone, 95 per cent. 

0.1 per cent phenol red indicator sohition. 

Methyl orange, 0.1 per cent solution in 50 per cent methyl alcohol. 

0?ie per cent alcoholic phenol phthalein indicator solution. 

Sodium hydroxide, 0.02 x. This is prepared by dilution of approximately 
carbonate-free 0.1 N solution with COo-free water, (For preparation of 
0.1 N solution, see p. 29-30.) 
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Procedure 

Preparation of material. The urine sample should contain an 
amount of chloride equivalent to 10 to 25 mg. of NaCl, and not more 
than 5 mg. of inorganic phosphorus. The volume of urine ordinarily 
taken is 1 to 2 cc. 

Of serum a 1 cc. sample is taken. 

The sample of either urine or serum is placed m a large Pyrex test 
tube (25 by 200 mm.). Two cubic centimeters of 4 n sulfuric acid, 1 
cc. of concentrated nitric acid, and a glass bead are added. Heat a 
few minutes until a dark brown color appears, cool, add more nitric 
acid and heat again. Repeat this process two or three times, unth the 
liquid is perfectly clear and all brown fumes have been driven off. The 
digestion can be greatly accelerated by adding to the cooled mixture, 
just after intense charring has disappeared and the fluid has assumed 
a yellow color, 5 drops of 30 per cent hydrogen peroxide (Merck’s 
reagent “Superoxol”). 

Removal of the proteins of serum by precipitation with trichloroacetic acid would 
facilitate the asliing by greatly reducing the amount of organic matter to be burned. How- 
ever, ^'an Slyke, Hiller, and Berthelsen (3) found that when an aliquot of the trichloro- 
acetic acid filtrate of serum was analyzed the result was 154 m.-Eq. of base per liter, 
compared with 148 when the entire serum was ashed as above described. An investiga- 
tion of known mixtures showed that the results by the ashing technique were the correct 
ones. Apparently when the proteins of serum are coagulated with trichloroacetic acid the 
coagulum contains less fixed base per cubic centimeter than the supernatant fluid, so that 
analysis of the supernatant liquid yields high results when they are estimated on the as- 
sumption that the fixed base cations are evenly distributed through coagulum and 
solution. 

W. S. Hoffmann (The micro determination of fixed bases, calcium, and sulfates in 
urine: J. Biol. Chem., 1931, 93, 787) avoids preliminary wet ashing of urhie by apphdng 
Fiske’s ferric acetate treatment for removal of phosphates to the complete urine. Hoff- 
mann states that the basic ferric precipitate removes not only phosphates, but also aU 
other interfering substances, including protein, lipoids, and any debris present, along with 
a large part of the urinary' pigment. He carries out the precipitation as follows: 15 cc. of 
urine are measured into a Pyrex test tube marked for 25 cc. The urine is made faintly 
acid to methyl red by addition of either 10 per cent acetic acid or 10 per cent ammonia. 
Of a 10 per cent solution of ferric chloride in 0.2 n hydrochloric acid, 2 cc. are then slowly 
added, and are followed by 4 cc. of a 5 per cent solution of ammonium acetate. The 
solution is made up to 25 cc. and is carefully heated, with continual agitation, over a free 
flame until boiling just begins. The flame is then withdrawn. The voluminous precipi- 
tate which forms at the boiling point is at once filtered through a small ash-free filter paper. 
.\bout 22 cc. of filtrate are obtained. The precipitate should have the brick-red color of 
basic ferric acetate. If it is brownish white, the quantity of ferric chloride added was 
insufficient to precipitate all the phosphate. This result occurs only -with most con- 
centrated urines. In this case only 10 cc. of urine are taken. 
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For total base determination 2 cc. of the filtrate, equivalent usually to 1.2 cc. of urine, 
are treated as described below under “Ignition of alkali sulfates.” 

Other portions of the filtrate can be used for determination of sulfates by the benzidine 
method and of calcium and magnesium. 


Removal of phosphoric acid. After allowing the residue to cool, 
add 2 cc. of water and transfer the solution to a 25-cc. volumetric flask, 
washing with 4 additional 2 cc. portions of water. Add 1 drop of 0.1 
per cent phenol red to the solution and render it just alkaline with 
concentrated ammonia solution. The indicator may conveniently be 
introduced with the last portion of wash water added to the digestion 
tube. In this manner it serves to show whether all the acid has been 
washed out of the tube. Then add by drops 4 n H2SO4 enough to make 
it just acid again. Add 1 cc. of ferric ammonium sulfate solution, and 
then dilute ammonium hydroxide till the full red alkaline color of the 
indicator develops. Dilute the mixture to the 25-cc. mark and filter off 
the ferric phosphate and hydroxide on an ash-free 5 to 6 cm. filter paper. 

For removal of phosphate from urine, the 1 cc. of ferric ammonium 
sulfate solution will not in all cases suffice. One cc. of this solu- 
tion is required for each miligram of inorganic phosphorus present. 
It is well to make a rough colorimetric determination of the phosphate 
in the urine before beginning the total base determination, and then 
take 1 cc. of the ferric solution for each mg. of P found. 

Ignition of the alkali sulfates. Transfer 20 cc. of the filtrate to a 
silica or platinum dish and evaporate to dryness on the steam bath. The 
more completely the residue is dehydrated the less danger there will 
be of loss due to decrepitation and spattering in the subsequent igni- 
tion. It is well to let the dish stand over night on the hot steam bath. 
When the residue is as dry as possible, transfer it to a cold 2 or 3 step 
electric hot plate and cover it with a watch glass. Turn on the heat 
slowly. The dry material at first tends to flake off and crepitate. If 
it was thoroughly dried on the steam bath, flakes now thrown off 
drop back without loss. Gradually increase the heat until the mate- 
rial melts and sulfuric acid fumes appear. Then remove the cover 
glass and turn on full heat imtil the residue is dry. If silica dishes 
are used they are then heated fifteen minutes in the full flame of a 
triple Bunsen burner. If platintun dishes are used they are heated to 
a red heat for two minutes with a micro burner. Every part of the 
dish should be brought to a red heat 2 or 3 times. There is no danger 
of overheating under the conditions given; error is more likely to arise 
from failiue to drive off free sulfuric acid completely. 
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Testing neutrality of residue. If any acid sulfate is left after the 
ignition, the results will be high. After the dry residue has cooled, it 
is transferred with five 2-cc. portions of water to a lipped 50-cc. Pyrex 
glass centrifuge tube. A drop of phenolphthalein is added and the 
solution is titrated to the neutral point with 0.02 n sodium hydroxide. 
If the ignition has been complete, so that all the H2SO4 has been 
driven off and the BHSO4 changed to B2SO4, this preliminary titration 
will require no more alkali than the amount, about 0.05 cc. of 0.02 N 
NaOH, required to turn the 10 cc. of water alkaline to phenolphthalein. 
If more alkali is required in the preliminary titration, the difference is 
added to B in the calculation given below, in order to correct for excess 
SO4 left in the form of acid sulfate after ignition. E.g., if the pre- 
liminary titration in an analysis requires 0.09 cc. of 0.02 N alkali, while 
to give the end-point with 10 cc. of water only 0.05 cc. is required, then 
0.04 cc. is, for that particular analysis, added to the regular value of B. 

Precipitation and filtration of benzidine sulfate. To the neu- 
tral solution in the tube are added 2 cc. of benzidine solution and 4 cc. 
of 95 per cent acetone. After the mixture has stood ten minutes it is 
filtered through a 5 or 6-cm. ash free filter fitted into a small funnel. 
The tube and precipitate are washed with 15 cc. of 95 per cent acetone, 
using four or five 1-cc. portions to wash the tube, the remainder to wash 
the precipitate on the filter paper. The filter paper is loosened from 
the funnel, allowed to rest a few minutes until some of the acetone 
has evaporated, and then transferred back to the tube in which the 
benzidine sulfate was precipitated. 

Titration of the benzidine sulfate. To the tube containing the 
precipitate are added 10 cc. of water. The tube is then heated in a water 
bath until the odor of acetone disappears. One drop of phenolphthalein 
is now introduced and the solution is titrated while hot with 0.02 n 
sodium hydroxide to the first faint permanent pink, with care to ob- 
serve that all particles of the benzidine sulfate precipitate have dis- 
appeared. If they have not, reheat and titrate until all particles have 
disappeared. Use a burette graduated into divisions of not more than 
0.05 cc. so that readings can be estimated to 0.01 cc. 

Calculation 

25 {A - B) 

. = milli-equivalents of base per liter of urine, 

cc. urine sample 

25 {A ~ B) ~ milli-equivalents of base per liter of serum. 
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.4 = cubic centimeters of 0.02 n NaOH used in titration of the benzidine 
sulfate. 

B = cubic centimeters of 0.02 n NaOH used in the final titration in a 
blank analysis. In some analyses this value of B may require increase in 
the manner described above under “testing neutrality of residue.’' 

The factor 25 is derived as follows. After precipitation of the phosphate 20/25 of the 
filtrate, equivalent to O.S cc. of serum, is used for analysis. The cubic centimeters of 0.02 

NaOH are therefore multiplied by to give cubic centimeters of 0,02 n base per 

0,8 

liter of serum and by 0.02 to give the cubic centimeters of 1 N or milli-equivalents, per 

1000 

liter. Multiplying together the factors — — and 0.02 gives 25 as the combined factor. 

0.8 

Similarly, the base titrated in the urine analysis represents 0.8 of the sample. 

Blank. Run through the procedure using all reagents and processes 
described, omitting the serum. 


Alternative procedure of Stadie and Ross (2), for titration of the precipitated 
benzidine sulfate by difference 

In this procedure the precipitate itself is not titrated, but an aliquot of 
the filtrate. The decrease in acidity caused by precipitating part of the 
SO 4 with benzidine serves as a measure of the SO 4 precipitated. This 
procedure has a marked advantage in time saved, because it avoids both 
the washing of the precipitate and the necessity for continued heating 
during the titration, required in the method above described, to redissolve 
the benzidine sulfate. It has the disadvantage that it is a titration by 
difference, in which the sources of possible error are multiplied by the in- 
volvement of the quantitative measurement of the volume of benzidine 
solition used, the volume of solution in which the precipitate is formed, and 
the volume of the filtrate taken for titration. In such a titration, accuracy 
of 1 part per 1000 in the individual measurements is necessary to keep the 
error of the fiinal result within 1 part per 100 (see “Accuracy in volumetric 
analysis” p. 34-36). 

Up to the precipitation of benzidine sulfate, the analysis is the same as 
the above. From that point the following technique is followed. 

Precipitation of benzidine sulfate. The redissolved sulfates are 
transferred to a 20 cc. volumetric flask instead of a test tube, and the 
preliminary titration is performed in the flask. The solution is then 
brought by addition of water (no acetone) to about 15 cc., and 2.00 cc. 
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of benzidine solution, accurately measured from a pipette, are added. 
The volume is then made up to 20 cc. 

Titration of filtrates. The solution is filtered through a small dry 
quantitative filter paper into a small dry Erlenmeyer flask. Of the 
filtrate 15 cc. are pipetted into another flask and titrated with 0.02 N 
sodium hydroxide, with a drop of phenolphthalein solution as indicator. 

A blank analysis is done in the same way on the reagents. 

Calculation 

33.3 (5 - A) , 

= muli-equivalents of base per liter of urine. 

cc. urine sample 

33.3 (B — A) = milli-equivalents of base per liter of serum. 

B = cubic centimeters of 0.02 n NaOH used in titration of the blank 
filtrate. 

A = cubic centimeters of 0.02 n NaOH used in titration of the filtrate 
in the urine or serum analysis. 

If the preliminary titration requires more alkali than necessary to give 
the end-point with water, the extra cc. of 0.02 n NaOH are added to A. 

PREPARATION OF MATERIAL FOR DETERMINATION OF TOTAL BASE, SODIUM, 
AND POTASSIUM IN A SINGLE SAMPLE OF URINE 

In studies of acid and base balance it is sometimes of interest to determine 
in the urine the total base and sodium and potassium without attention 
to the proportions of calcium and magnesium, which are of less importance 
from the standpoint of water and acid-base economy. For this purpose 
Miss Evelyn B. Man, in the laboratory of one of the authors, has developed 
a combination of methods which consists of the conversion of all the bases 
to sulfate by the procedure employed in the determination of total base, 
the analysis of aliquots for total base by the technique above described, 
and sodium and potassium by micro methods described in the next chapter. 
For potassium Shohl and Bennett’s titration method was used (see p. 741), 
for sodium the pyroantimonate titration (see p. 737), now preferably 
replaced by the uranyl zinc acetate gravimetric method (p, 732). 

Procedure 

Enough material is taken to contain 4.5 to 7.5 mg. of sodium and 
1.5 to 6.0 mg. of potassium. 

Digestion and conversion to sulfate. The material is digested 



724 


TOTAL BASE 


over a micro burner in large Pyrex tubes with 2 cc. of 4 n sulfuric acid, 
about 10 drops of concentrated nitric acid and 5 to 10 drops of superoxol, 
until the liquid is clear and colorless and fumes of nitric oxide have 
ceased to come off. 

The residue is then transferred to a 2S-cc. volumetric flask with 
five 2-cc. portions of water. Dilute ammonia solution is added until 
the solution is alkaline to phenol red and then 4 n sulfuric acid until 
it is acid again. Enough ferric ammonium sulfate solution is then 
introduced to precipitate all the phosphates (1 cc. for each milligram 
of P). The solution is made alkaliae with ammonium hydroxide, made 
up to 25 cc., mixed and filtered through ash-free filter paper. 

Twenty cubic centimeters of the filtrate are transferred to a platinum 
or silica dish and evaporated to dryness on the steam-bath. The dish 
is then placed on an electric hot plate the heat of which is gradually 
increased as the drying process advances. The dried material is 
finally ashed over a micro burner, as described above for the deter- 
mination of total base. 

Preparation of ash for different determinations. The ash is 
transferred to a 25-cc. volumetic flask, washing with several portions 
of water, and diluted to volume. For the various determinations the 
following aliquots are used: 

Total base, 5 cc. 

Sodiiun, 15 cc. (2 to 3.75 mg. Na). 

Potassium, 4 cc. (0.2 to 0.8 mg. K). 

For determination of total base the 5-cc. aliquot, in a lipped 50-cc. 
Pyrex centrifuge tube, is diluted with 5 cc. of water and 2 cc. of ben- 
zidine solution are added, followed after two minutes by 4 cc. of 95 
per cent acetone. The micro methods for sodium and potassium are 
described in the next chapter. 

GASOilETRIC MICRO METHOD FOR TOTAL BASE (3) 

This method, by which duplicate analyses can be done with a single 
1 cc. sample of serum, is described on page 401 of the chapter on gasometric 
methods. 
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Sodium; and Potassium 

DISCUSSION 

In this chapter it is convenient to deviate from the arrangement of 
describing the methods, first for urine, then for feces, and finally for blood. 
Instead we shall describe in turn each method used, and with the descrip- 
tion the applications of the method to the different materials. 

The classical macro gravimetric methods first described are the most 
exact and serve well for urine and feces. They take time, however, and of 
serum, unless a micro balance is used, they require at least 5 cc. for an 
analysis, an amount frequently not available. Consequently for micro 
analyses recourse has been had to methods which can be carried through 
more rapidly and with small amounts, and which still yield results suffi- 
ciently exact to be significant for many clinical and physiological studies. 

The gravimetric zinc uranyl acetate method of Kolthoff for sodium ap- 
proaches in accuracy the classical methods, and permits a micro analysis 
with the technique of macro gravimetric determinations, because of the 
great weight of the precipitate. When Na is much less than K, the uranyl 
method is, in fact, more exact for Na than is the classical method. In the 
latter, Na and X are determined together as chlorides or sulfates. K is 
then determined as chloroplatinate or perchlorate, and Na is calculated by 
subtracting K from Na + K. Consequently when Na is much less than K, 
all errors are heaped on the small amount of Na. The direct uranyl method 
for Na suffers from no such cumulative error. 

For potassium, micro titration and colorimetric methods based on the 
platinic chloride precipitate have been dexdsed by Shohl and Bennett which 
are exact within the limits of technical error of the methods of measurement. 

Other micro methods for sodium and potassium which are intrinsically 
less exact than those mentioned above will nevertheless be described for 
specific reasons. The pyroantimonate micro sodium method is outlined 
because it offers the only micro titration method for sodium. It is capable 
of ghdng good results, but is susceptible to error from slight changes in 
technique, and the potassium p^uoantimonate used as reagent obtained 
from dealers has often been found unsatisfactory for reasons which have 
not been defined. The cobaltinitrite method for potassium is based on the 
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precipitation of potassium sodium cobaltinitrite in which, the potassium 
content varies with the conditions of precipitation. For this reason the 
cobaltinitrite method is susceptible to errors from which the platinochloride 
methods are free. The cobaltinitrite precipitate, however, lends itself with 
especial convenience to micro determinations, and by means of it most of 
the present data on blood potassium content in the literature have been 
obtained. 

GRAVIMETRIC DETERMINATION OE SODIUM AND POTASSIUM AS THE COMBINED 
SULEATES AND POTASSIUM CHLOROPLATINATE 

In the classical methods of analytical chemistry the heavy metals and 
alkaline earths are first removed, then potassium and sodium are weighed 
together as sulfates or chlorides. For this weighing the sulfates have an 
advantage over the chlorides in that the former are not volatile at the ordi- 
nary heat of ignition, while chlorides are easily lost by volatilization if at all 
overheated. From the redissolved chlorides the potassium can be precipi- 
tated and weighed either as the chloroplatinate, KzPtCle, or as the per- 
chlorate, KCIO4. With the redissolved sulfates only the chloroplatinate 
method for potassium can be used, since SO4 prevents combination of potas- 
sium with CIO4. After the potassium has been determined as either 
chloroplatinate or perchlorate, the sodium is determined by subtracting the 
Kfrom the Na + K already measured by weighing the combined chlorides 
or sulfates. 

The method here detailed is the classical Lindo-Gladding procedure 
which is ofificial with the Association of Official Agricultural Chemists (19). 
In the form described below it has been extensively used by MacKay and 
Butler in the laboratory of one of the authors for analyses of urine, feces, 
and blood. Sodium and potassium are weighed together as sulfates, and 
potassium is determined as the chloroplatinate. 

Reagetits 

Hydrogen peroxide, 30 per cent (“superoxol” Merck’s blue label). 

Trichloroacetic acid, 25 per cent. 

Concentrated nitric acid (specific gravity 1.42). 

Methyl red, a saturated solution in 95 per cent alcohol. 

Concentrated ammonia solution (specific gravity 0.90). 

Barium chloride, 10 per cent solution. 

Ammonmm carbonate, saturated solution. 

Concentrated sulfuric acid (specific gravity 1.84). 

Chloroplatinic acid, 10 per cent solution. 
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Concentrated hydrochloric acid (specific gravity 1.178 to 1,185). 

Ethyl alcohol, 80 per cent (specific gravity 0.86) made from alcohol redis- 
tilled over lime. 

Ammonium chloride, 20 per cent, saturated with potassium chloroplatinate 
by shaking the solution at intervals for a few days with a small amount of 
the finely pulverized salt. 

PROCEDURE WITH URINE. MACKAY AND BUTLER (UNPUBLISHED) 

Preparation of urine sample. It is convenient, especially if other 
analyses are contemplated, to dilute the urine specimen to an even 
volume of 2 or 3 liters before taking samples for analysis. The sample 
for a single analysis should contain from 1.5 to 5 milli-equivalents of 
sodium plus potassium and preferably not less than 0.5 milli-equivalents 
of either (5 milli-equivalents =115 mg. Na or 195 mg. K). The amount 
needed varies from 10 per cent of the twenty-four-hour specimen if 
the subject has received a salt-poor diet to 1 per cent if he has received 
a high salt diet. Twice the required amount may be prepared and 
duplicate aliquots taken after the fixst precipitation. If the urine con- 
tains protein, 30 cc. of 25 per cent trichloroacetic acid are added to 
120 cc. of the urine, the solutions are mixed and the mixture is filtered 
through ash-free filter paper. To a suitable volume of urine or its 
protein-free filtrate, in a 50-cc. wide mouthed Erlenmeyer flask, are 
added 10 cc. of concentrated nitric acid and 15 cc. of 30 per cent hydrogen 
peroxide. The mixture is evaporated to dryness on the water bath ; the 
residue is dissolved in 30 to 40 cc. of hot water and rinsed, with about 
150 cc. of hot water, into a 250-cc. (500-cc. if a double sample was 
taken) volumetric flask, preferably of Pyrex glass. 

Removal of calcium, magnesium and phosphates. From this 
point on the procedure for urine, feces and blood is identical. Three 
drops of methyl red are added to the suspension in the volumetric flask, 
which is then made alkaline with concentrated ammonia solution. An 
additional 10 cc. of ammonia is then added. An excess of 10 per cent 
barium chloride is introduced to remove the phosphate not already 
precipitated and all of the sulfate. The addition of an excess of satu- 
rated a m monium carbonate then removes the barium, any calcium 
which remains, and all the magnesium. If possible this entire precipi- 
tation is carried out while the solution is still warm. After the addition 
of the ammonim carbonate the mixture is well shaken and allowed 
to stand at least three hours, preferably over night. It is then made 
up to volume and filtered through an ash-free folded filter (Schleicher 
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and Schiill, 589, Blue Ribbon, 15 cm. is suitable). Then 200 cc. of 
the filtrate are evaporated to dryness in a casserole on the steam bath. 
This drives off most of the ammonia and ammonium carbonate which, 
if neutralized, would yield a large amount of troublesome, creeping 
ammonium salts. 

Weighing the combined sulfates. In 'many specimens an ap- 
preciable amount of barium, and in some stool samples considerable 
calcium, may escape precipitation as carbonate and appear when the 
filtrate is concentrated. Small amounts of barium and calcium which 
come through to this point are removed in the following manner. To 
the residue in the casserole, dissolved in 10 cc. of water with the aid of 
heat, is added 1 drop of concentrated sulfuric acid. The solution is 
made alkaline with a few drops of concentrated ammonia solution and 
0.5 cc. of saturated ammonium carbonate is added. Then the cool 
solution is filtered through an analytical filter (Schleicher and Schiill, 
589, Blue Ribbon, 9 cm.), in a log-stemmed funnel, into a weighed 
7S-CC. platinum dish, the edge of which is greased with vaseline. Cas- 
serole and filter are well washed with small portions of lukewarm water 
until the filtrate amounts to about 60 cc. Five-tenths cubic centimeter 
of concentrated sulfuric acid is now added and the filtrate is evaporated 
as nearly to dryness as possible on the steam bath. The platinum dish 
is then transferred to a cold electric hot plate and the temperature 
is gradually raised. When the acid and ammonium salts have been 
driven off as far as possible (this usually requires several hours), ashing 
is completed by heating the dish carefully, first over an ordinary Bunsen 
burner and then over a triple burner, or in a slowly heated muffle furnace. 
When a bright red heat is obtained it should be maintained for at least 
30 minutes. In a pyrometer controlled muffle furnace the maYimnm 
temperature should be 600 to 700°. The ignited sulfates are cooled 
in a disiccator and weighed. 

Precipitation of potassium chloroplatinate. The combined 
sulfates are dissolved in a few cubic centimeters of hot water and washed 
from the platinum dish into a small porcelain evaporating dish with 
about 10 to 15 cc. of water for each 0.1 gram of sulfates. Several drops 
of concentrated hydrochloric acid and 2.5 cc. of 10 per cent chloroplatinic 
acid are added for each 0.1 gram of sulfates. The mixture is evaporated 
to dryness on the steam bath. Great care must be exercised to prevent 
access of ammonia, which forms an insoluble chloroplatinate. Ten 
to 20 cc. of 80 per cent alcohol (from alcohol redistilled over lime to 
eliminate aldehydes, which form insoluble compounds with chloro- 
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platinic acid) are added to the residue and allowed to remain on it for 
thirty minutes to remove any unprecipitated chloroplatinic acid. The 
mixture is then washed into a weighed Gooch or porous glass crucible 
(15-cc. Jena glass crucible with a porous glass filtering disc of medium 
porosity, 10 G-3) and numerous small portions of 80 per cent alcohol 
are used to wash particles out of the porcelain dish and to wash the 
precipitate free of chloroplatinic acid. Suction is used and alcohol 
washing is continued until the filtrate is clear and colorless. The potas- 
sium chioroplatinate is then washed free of sodium sulfate with numer- 
ous 5-cc. portions of 20 per cent ammonium chloride saturated with 
potassium chioroplatinate. The adherent ammonium chloride is re- 
moved by further washing with small volumes of 80 per cent alcohol. 
All of the filtrates are saved for recovery of the platinum. The precipi- 
tate is dried for four hours at 110° and then weighed.^ 

PROCEDURE W'lTH FECES. iL4CKAY AND BUTLER (UNPUBLISHED) 

Preparation of sample. The stool specimens are washed into a 
l-liter Erlenmeyer flask of Pyrex glass. For each twenty-four-hour 
stool about 300 cc. of water are added and, while the mixture is stirred 
at a high rate of speed with a mechanical stirrer, 250 cc. of concentrated 
sulfuric acid are slowly added. (Stool collected in sulfuric acid for 
nitrogen determinations (see p. 78) can be used). Enough water is 
added to bring the volume almost to a liter, the solution is cooled, trans- 
ferred to a liter volumetric flask and diluted to volume, a few drops of 
caprylic acid serving to destroy the foam. For stool specimens of more 
than twenty-four hours proportionately larger volumes are used through- 
out. The stools may be made up to a given weight, if preferred. 
Aliquots of the resulting suspension are used for analysis. The stool 
container is well shaken before a sample is withdrawn. If the subject 
has received a diet containing no added salt, 100 cc. (or 100 grams) is 
a suitable sample ; if the diet contains the usual amount of added salt 
75 cc. (or 75 grams) is sufficient for a single analysis. This sample is 
transferred to a 500-cc. Kjeldahl flask with several glass beads and 


^ The platinum is regained from the mother liquors and washings and from the redis- 
solved precipitates by precipitation with ammonia. The washed precipitate is ignited 
to platinum black, which can be redissolved in aqua regia to form fresh platinic chloride 
solution. Or, by letting the mother liquors, etc., stand with an excess of granulated zinc 
the platinum can be reduced directly to the metallic form. The solution of platinic 
chloride made with aqua regia is heated with excess hydrochloric acid to decompose all 
the nitric acid present. 
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boiled in a Kjeldahl digestion rack until acid fumes are given off. The 
flask is then cooled and 5 cc. of 30 per cent hydrogen peroxide are 
cautiously added. After effervescence has ceased boiling is resumec* 
and continued for several minutes. The mixture is then cooled again 
another portion of hydrogen peroxide is added and boiling is repeated. 
In all, treatment with hydrogen peroxide is repeated from 3 to 6 times 
until a clear, colorless or light yellow solution is obtained. This is 
cooled and rinsed into a small porcelain casserole with a little water. 
The acid is removed by evaporation on a very hot electric plate. The 
last remnant is driven off by heating the residue in a muffle furnace 
or over a triple Bunsen burner. The residue in the casserole is dis- 
solved with the smallest possible volume of concentrated hydrochloric 
acid and washed into a 250-cc. (500-cc. if a double sample was taken) 
volumetric flask of Pyrex glass with enough hot water to bring the 
volume to about 175 cc. 

The procedure from this point on is identical with that described 
above, beginning with the heading “Removal of calcium, magnesium, 
and phosphates” for the analysis of urine. 


PROCEDURE WITH BLOOD AND SERUM. MACKAY AND BUTLER (UNPUBLISHED) 

« 

The sample should represent if possible 10 cc. of blood or serum, 
although by careful work results can be obtained with 5 cc. The whole 
blood or serum may be ashed by the Stolte method (p. 70) or by the 
procedure described above for feces. The ash is redissolved in warm 
water plus a few drops of concentrated hydrochloric acid and analyzed 
as described above for urine. The weighings are done in small 
crucibles. 

Calculation 

Grams of K in sample = 0.1608 Wa 

Grams of Na in sample = 0.3238 {Wi — 0.3583 Wa) 

Milli-equivalents of K in sample = 4.112 Wa 
Milli-equivalents of Na in sample = 14.08 {Wi — 0.3583 Wa) 

4112 Wa 

Milli-equivalents of K per liter of urine or blood = 


Milli-equivalents of Na per liter of urine or blood 


14080 {Wi - 0.3583 Wa) 
V 


T'Fi is the weight in grams of the combined Na2S04 and K2SO4 from the 
unknown minus their weight obtained in a blank determination. 
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Wo is the weight in grams of the KoPtCh from the unknown minus the 
weight obtained in a blank determination. 

V is the volume in cubic centimeters of urine or blood represented in the 
weighed sulfates. 

GRAVniETRIC DETERMINATION OE SODIUM IN URINE. BUTLER 
AND TUTHILL’S (5a) APPLICATION OF THE METHOD OF 
BARBER AND KOLTHOFF (3) 

Kolthoff (12) in 1927 proposed, as a means of detecting sodium, its 
precipitation as uranyl zinc sodium acetate. More recently, with Barber 
(3) he has shown that the same precipitation can be applied to the gravi- 
metric quantitative determination of sodium. It lends itself to micro analy- 
sis because of the large weight of the uranyl zinc sodium acetate molecule 
The sodium is weighed as (U02)3 ZnNa(CH3C00)9-6H20; the precipitate 
therefore weighs 67 times as much as the sodium in it. The hydrated salt 
is apparently quite stable and constant in composition. It is slightly 
soluble in water and even in alcohol; but error from solubility is obviated 
by using as a precipitating reagent uranyl zinc acetate solution saturated 
with the sodium salt, and by washing the precipitate with 95 per cent alcohol 
also saturated 'wdth the salt. ^ 

If the solution in which the precipitate is formed contains more than 
50 mg. of potassium per cubic centimeter some of the potassium will be 
precipitated and results for sodium will be too high. However, in biological 
material such preponderant amounts of potassium seldom occur. 

Preliminary removal of phosphates is necessary, because phosphate is 
precipitated as uranyl phosphate. Ashing of urine is not necessary, but 
proteins if present are removed by precipitation. 

Powdered Ca(OH )2 is used as the means of precipitating phosphate. 
Butler and Tuthiil found it to be more convenient than the magnesia mix- 
ture previously used. Use of calcium hydroxide simplifies the reagents 
required for the procedure. Its addition clarifies cloudy urines and pro- 
duces no volume change, thus eliminating the necessity of diluting to known 
volume and the taking of aliquots, or the quantitative washing of the pre- 
cipitate. For urines containing protein a solid precipitating reagent, HgCh, 
is also used, again avoiding volume changes. 

Reagents 

1. Urmiium zinc acetate reagent. 

Solution A: 

80 grains jNTa-free uranium acetate, U 02 (C 2 H 302 )a- 2 Ha 0 . 

48 grams for 46 cc.) 30 per cent acetic acid (per cent by volume). 

Add water to make 520 grams. 
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Solution B: 

220 grams zinc acetate, Zn tC 2 H 302 ) 2 ' 2 H 20 . 

24 grams (or 23 cc.) of 30 per cent acetic acid. 

Add water to make 520 grams. 

Cover and warm both solutions on steam bath with occasional stirring until 
solution is complete. Mix while hot and let stand twenty-four hours before 
using. If no yellow precipitate appears add 0.2 gram of precipitated uranyl 
zinc sodium acetate in order to saturate with this triple salt. To assure 
saturation at temperature of analysis, shake occasionally, and filter as 
much solution as is needed immediately before using. 

2. Phenolphihalein, 1 per cent alcoholic solution. 

3. Powdered HgCh- 

4. Powdered Ca (OH)^. 

5. Saturated solution of ammonium perchlorate, NHiClOi. 

6. Ninety-five per cent alcohol saturated with the uranium sodium zinc 
acetate precipitate. 

A. Procedure for urines of ordinary Na content 

Measure out roughly into a small flask 6 cc. of urine. Add 1 drop 
of phenolphthalein and 0.2 gram powdered calcium hydroxide. (If the 
urine contains protein take 10 cc. instead of 6, and add 0.05 gram 
HgCl 2 . Then add the phthalein and calcium hydroxide.) Shake and 
let stand thirty minutes with occasional shaking. The solution should 
turn pink. Filter through a fine filter paper and collect the filtrate 
in a test tube. (If the urine contains protein, test the filtrate for pro- 
tein. If protein is present, add more HgClz and refilter.) Stopper 
the test tube in order to prevent precipitation of CaCOg by atmos- 
pheric CO 2 . 

Fit a solid rubber stopper from below into the bottom of a 30-cc. Jena 
glass, porous bottomed, filter crucible* that has been dried and weighed.’^ 
The filter now stands on the rubber stopper. The stopper prevents 
the liquid from going through the filter even though there is some air 
space between stopper and porous glass. Pipette approximately 20 cc. 
of freshly filtered reagent to the filter. (The reagent should be shaken 
frequently preceding use to insure saturation.) Pipette 2 cc. of urine 
filtrate directly into the reagent solution in filter.^ If the pipette is 

* Jena glass filter crucibles, size No. 2, capacity 30 cc., porosity 1 G4, may be obtained 
from the Empire Laboratory Supply Company, New York. 

^ Clean and dry with alcohol and ether, applying suction, and let stand one-half hour 
in desiccator; then weigh. 

^ When urines are unusually low in Na see modified procedures under (B) and (C). 
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graduated for blow-out delivery and one makes the delivery by blowing 
instead of warming by hand, a precipitation of CaCOs may occur. Aside 
from dirtying the pipette, this does not matter as this precipitate redis- 
solves immediately. Stir with small glass rod till a precipitate appears, 
and several minutes thereafter. Stirring is particularly important 
where there is a small amount of Na present. Under such conditions 
insufBcient stirring will give results from 2 to 5 per cent too low. With- 
draw stirring rod, rinsing it with 3 to 5 cc. of reagent as it is with- 
drawn. Cover the filter with a watch glass and let it stand at approxi- 
mately constant room temperature for one hour. Remove the rubber 
stopper, place the filter in a suction flask, and apply suction. After 
the reagent has been filtered off, wash the precipitate with five 2-cc. 
portions of 95 per cent alcohol saturated with the triple salt. The 
alcohol reagent should be filtered before use. Care should be taken 
to wash down the sides of the filter. Delaying the washing makes this 
more difficult. Finally wash with two 5-cc. portions of ether. Con- 
tinue suction until the precipitate is thoroughly dry, place in desiccator 
over calcium chloride and weigh after one-half hour. 

Run a blank on an equal volume of distilled water and reagents. 

The ratio of volume of urine to volume of reagent must not be greater 
than 1 to 10. As the safe capacity of the filter is 25 cc. the largest urine 
filtrate that can be pipetted directly to the filter is 2.5 cc. Twenty-five 
cubic centimeters of the reagent will precipitate 20 mg. of Na. The 
likelihood of urines exceeding 20 mg. per 2 cc. is very slight. But 
because of the difficulty of washing large precipitates, it is better not 
to exceed a precipitate of about 700 mg. Since 1 mg. of Na. gives a 
precipitate of 66.9 mg., the sample of urine taken for analysis should 
preferably not contain more than 10 mg. of sodium nor less than 1 mg. 

Calculation 

Grams of Na in sample = 0.01495 (grams of precipitate — grams of blank) 

^ . 14.95 (grams of precipitate — grams of blank) 

Grams of Na per liter of unne = — ^ 

7 

1 j-xT ~ 650 (grams of precipitate — grams of blank) 

Muli-equivalents of Na per liter of urine = = 

V — cubic centimeters of urine in sample. 

B. Procedure for urines low in sodium 

Urines produced on low salt diets or as the result of certain types of 
diuresis may contain less than 0.5 mg. of Na per cc. When a urine con- 
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tains between 0.5 and 0.1 mg. of Na per cubic centimeter, a volume of 
urine filtrate containing between 1 and 3 mg. of Na, but not exceeding 10 
cc., is pipetted into a small evaporating dish or beaker. One drop at a 
time of concentrated HCl is added until the urine turns acid. Acidifica- 
tion lessens the formation of precipitate during evaporation. The sample 
is evaporated down to approximately 2 cc. If it is evaporated down to 
dryness, 2 cc. of water are added. It is then transferred quantitatively 
to the reagent in the weighed filter as described for Procedure A , except 
that approximately 15 cc. of reagent is placed in the filter instead of 
20 cc. The beaker is rinsed with 0.5 cc. of water and then with two 
3 -cc. portions of reagent. The solution in the filter is stirred the proper 
length of time and the stirring rod rinsed during removal with 5 cc. of 
reagent. The procedure is then continued as above outlined. Should 
the evaporation continue to dryness or a precipitate crystallize out, the 
transfer to reagent in filter is made as usual, with washing of all the 
precipitate to the reagent. Here the volume and acidity are such as 
to dissolve this residue. The stirring is continued a little longer in 
order to assure its complete solution. 

When the volume of urine used necessitates this concentration pro- 
cedure and a slimy residue remains after evaporation, one may add 
5 cc. of concentrated HNO 3 plus 2 cc. of superoxol, cover, destroy 
organic matter by boiling, and then evaporate to dryness. This will 
facilitate the transfer but Butler and Tuthill state that it does not seem 
necessary, as they have incurred no demonstrable error in transferring 
such residues directly to the reagent in the glass filters. 

Calculation as in Procedure A. 

C. Procedure for urines of minimal sodmm content 

A very low sodium diet may in man cause excretion of urine so low in 
sodium that 40-cc. samples of urine are required in order to obtain accurately 
weighable precipitates. Such samples evaporated to 2.5 cc. for transfer 
to reagent have usually exceeded the permissible potassium concentration. 
To remove potassium from these samples, the following procedure serves, 
in which most of the potassium is precipitated as perchlorate. 

Concentrate 50 cc. of urine and ash by the wet nitric acid plus super- 
oxol method described under B. (The Stolte method of ashing has 
been foimd for this purpose unsatisfactory.) Extract the residue with 
warm water. Without filtering, transfer quantitatively to a 2 S-cc. volu- 
metric flask and make up to volume. Mix well and then pour most of 
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the solution into a small Erlenmeyer flask. Add about 0.4 gram of 
solid Ca(OH) 2 . Let this stand for about one hour with occasional 
shaking. Filter and test for PO 4 the first portion of filtrate., (Occa- 
sionally one may find phosphate. In this case the treatment with 
Ca(OH )2 must be continued longer.) Of the filtrate transfer 20 cc. 
to a small beaker and evaporate this on a steam bath to dryness. Add 
5 cc. of hot water and 1 drop of concentrated HCl; shake for a few 
minutes and then add 3 cc. of saturated ammonium perchlorate solution. 
Cool and let stand with occasional shaking for one-half hour. Filter 
into a beaker and wash quantitatively with 95 per cent alcohol. Evapo- 
rate the filtrate to dryness and transfer the entire contents to the 
uranium zinc acetate reagent in a glass filter as outlined previously, 
using 2 cc. of water for solution and transfer and 0.5 cc. for the first 
washing of the beaker. As the imdissolved residue is fairly large, it 
is wise to use several 3-cc. portions of reagent to complete the transfer 
and rinsing of beaker. In this instance stirring must be continued 
longer in order to assure complete solution of the residue. Stir the 
solution, then let the rod remain in the solution in the filter for about 
ten minutes, then stir again, and then remove the rod with appropriate 
rinsing. The washing and weighing are carried out as usual. The 
sample analysed represents 40 cc. of urine. 

Calculation as in Procedure A. 

PROCEDURE EOR STOOLS 

The material is prepared for analysis by evaporating to dryness, 
powdering, dry ashing, and extracting with dilute HCl. The actual 
determination of Na is done exactly as for urines except that particular 
attention should be paid to the complete precipitation of all the PO 4 . 

Calculation 

Grams of Na in sample = 0.01495 (grams of precipitate — grams of blank) 
PROCEDURE EOR SERUM 

Pipette 1 cc. of serum to a thick-walled Pyrex test tube (200 by 25 
mm.). Add a small crystal of quartz, 1 cc. of 4 n H2SO4 and 0.5 cc. 
concentrated HNOs. Digest as one would in the usual micro Kjeldahl 
method. When charring appears remove the flame and add carefully 
down the side of the tube a few drops of superoxol or concentrated 
HKO 3 . Digest again. If the solution does not clear, repeat the addi- 
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tion of H2O2 or HNO3 and heating. After the solution has cleared, 
continue heating for a few minutes. Cool and add 4 to 5 drops of water, 
then pour into approximately 15 cc. of freshly filtered reagent in a glass 
filter, weighed and fitted into a stopper as mentioned in the procedure 
for urine. Rinse the contents of test tube to filter quantitatively with 
three 0.5-cc. portions of water, and finally two 3-cc. portions of reagent. 
Stir the solution in the filter till a precipitate appears and for several 
minutes thereafter. Withdraw the stirring rod, rinsing it with 3 cc. 
of reagent as it is withdrawn. Proceed with the determination as in 
the urine method. 

Calculation 

Milligranis of Na In sample = 0,01495 (milligrams of precipitate — milligrams of blank) 

Milligrams of Na per 100 cc. of serum = 1.495 (milligrams of precipitate — milligrams of blank) 

Milli-equivalents of Na per liter of serum = 0.65 (milligrams of precipitate — milligrams of blank) 

The values for milligrams per 100 cc. and for milli-equivalents are calculated 
on the assumption that the serum sample is 1 cc. 

TITRIMETRIC MCRO DETERMINATION OE SODIUM BY THE PYROANTI- 
MONATE METHOD. KRAMER AND GITTLEMAN’S (14) 

PROCEDURE MODIFIED BY EISENMANN (29) 

Sodium in alcoholic solution is precipitated as sodium pyroantimonate 
Na 2 H 2 Sb 207 -??.H 20 . The antimony of the precipitate is then determined 
by iodimetric titration. The pentavalent Sb is reduced by KI to trivalent, 
and the iodine liberated is titrated with thiosulfate. 

Sb^ -h 2 KI Sb«‘ -h Is. 

Kramer and Tisdall (16) had earlier proposed gravimetric estimation of 
the pyroantimonate. In the application of the method most investigators 
encountered difficulties. These seemed to depend on several factors: the 
tendency for the finely crystalline precipitate to pass through filters, the 
inconstant amount of water of crystallization, and the inclusion with the 
precipitate of other substances which are insoluble in alkaline media. For 
these reasons iodimetric titration of the precipitate was proposed inde- 
pendently by Balint (2) and by Kramer and Gittleman (14). Balint also 
made a detailed study of the optimum conditions for quantitative precipita- 
tion of sodium pyroantimonate in analysis of serum. He concluded that 
sodium could be precipitated quantitatively from serum only if the serum 
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was first ashed, a conclusion in which he has been supported by Eisenman 
(29). Rourke (20) finds that ashing is unnecessary if the alcohol is added 
to serum at a temperature of only 10°C., thus avoiding precipitation of 
proteins. 

Rcagc/ifs 

Hydrochloric acid, 0.1 n. 

Potassium hydroxide, 10 per cent, free from sodium. 

Potassium pyroantimonate. Briggs (6) first called attention to the vari- 
ability of samples of pyroantimonate purchased on the market. This was 
further emphasized by Eisenman (29) . Both antimony content and alkalin- 
ity of the salt vary greatly and such variations have a great influence upon 
the quality of the pyroantimonate reagents. ICahlbaum’s reagent, pure 
KoHoSboOr, is to be used if possible. If other preparations are used, they 
must be tested for antimony content and reaction. The reagent as finally 
prepared should contain, in 10 cc., not more than 70 mg. of antimony and 
its pH should be about 9. It should contain no sodium and should form no 
precipitate when alcohol is added to it in the proportions used for a deter- 
mination. The following directions for its preparation are those given by 
Kramer and Gittleman. 

To 500 cc. of boiling water in a Pyres glass flask, add approximately 10 
grams of Kahlbaum’s potassium pyroantimonate. The boiling is con- 
tinued from three to five minutes. Then the mixture is rapidly cooled 
under running water. To the cold solution are added 15 cc. of 10 per cent 
sodium-free potassium hydroxide. The reagent is filtered through ash-free 
filter paper into a paraffined bottle. Some of the undissolved potassium 
pyroantimonate may pass through the paper. However, this will settle 
to the bottom after twenty-four hours, leaving a clear supernatant fluid 
which is quite satisfactory. The solution keeps well at room temperature; 
but must be discarded if it is not entirely clear. The reagent should give 
a perfectly clear solution when mixed with one-fifth its volume of 95 per 
cent alcohol. 

Alcohol, 95 per cent, redistilled. 

Alcohol, 30 per cent; 30 cc. of redistilled 95 per cent alcohol diluted to 
95 cc. with water. 

Hydrochloric acid, 10 n. 

Potassium iodide, 2 per cent solution. 

Sodium thiosulfate, 0.1 n, standardized against potassium biiodate or 
iodate (see p. 33). 

Starch indicator solution, prepared as described on page 34. 
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Preparation oj material 

Serum is ashed by the Stolte process (p. 70) or by the wet ashing 
method with sulfuric and nitric acids and hydrogen peroxide described 
in the total base chapter (see p. 719). The ash is redissolved in a 
volume of 0.1 n hydrochloric acid equal to the volume of serum ashed. 

Whole blood m*ay be similarly ashed. The ash is redissolved in a 
volume of 0.1 n hydrochloric acid equal to one-half the volume of the 
blood from which the ash was obtained. It is necessary to take more 
blood than serum because the sodium content of the cells is low. 

Urine is ashed by the Stolte process. The ash is dissolved in the 
smallest possible volume of 0.5 n hydrochloric acid and is then diluted 
with about 4 times as much water, so that the concentration of HCl is 
brought to approximately 0.1 n. It is then diluted with 0.1 n hydro- 
chloric acid to such a volume that 1 cc. of the ash solution contains from 
2.00 to 3.75 mg. of Na. 

Feces. Dried, powdered feces may also be ashed by the Stolte 
method (see p. 70) , and the ash dissolved in hydrochloric acid. 

Precipitation and titration 

One cubic centimeter of the ash solution is transferred to a 25-cc. 
conical Pyrex glass centrifuge tube. These tubes should be used for 
no other purposes and must be washed with water and a brush only. 
Two drops of 10 per cent sodium-free potassium hydroxide are added 
and thoroughly mixed with the contents of the tube by means of a 
footed glass stirring rod ; 5 cc. of pyroantimonate are added and mixed 
with the solution in the same manner. 1.5 cc. of 95 per cent alcohol is 
then introduced slowly, with constant stirring. The tube is set aside 
for thirty minutes and then centrifuged for five minutes. The super- 
natant fluid is decanted and the tube is drained by inverting it on a mat 
of filter paper. The precipitate is washed with 5 cc. of 30 per cent 
alcohol, the mixture again centrifuged, the supernatant fluid decanted 
and the tube drained as before. The precipitate is dissolved in 2.5 
cc. of 10 N hydrochloric acid and 2.5 cc. of water. Then 2 cc. of 2 per 
cent potassium iodide are added and the solution is titrated at once 
with 0.1 N sodium thiosulfate until the iodine color disappears. Starch 
may be used, if desired; but the end point is so sharp that it is un- 
necessary. 
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Calculation 

Each cubic centimeter of 0.1 n thiosulfate is theoretically equivalent 
to 1.15 mg. of Na. If the theoretical factor is used, however, the method 
yields, as Balint (2) showed, about 103 per cent of the sodium present. 

Therefore the factor = 1.117 is used. 


1.117 U - B) 

1.117 (A - B) 

V 

111.7 (.4 - B) 

V 

48.6 (A - B) 

V 


= milligrams of Na in sample, 
grams of Na per liter of urine or serum. 

milligrams of Na per 100 cc. of serum. 

milli-equivalents of Na per liter of serum or urine. 


A and B indicate the cubic centimeters of 0.1 n thiosulfate used in the 
titration of the unknown solution and the blank respectively, and V the 
cubic centimeters of serum or urine represented in the sample. 

Remarks 

The proportions of reagents prescribed are satisfactory for the determina- 
tion of from 2.00 to 3.75 mg. of Na. The Na content of 1 cc. of serum even 
in extreme pathological cases falls within this range. The volume of the 
reaction mixture can be varied within limits, as desired; but the proportions 
of tlie reagents in the reaction mixture must always be the same. A blank 
determination must be made on all the reagents with 0.1 n HCl substituted 
for the solution of serum ash. It is quite feasible, as Rourke (20) has 
pointed out, to use smaller amounts of serum for an analysis, titrating with 
0.05 N thiosulfate. 


MICRO COLORIMETRIC SODIUM METHOD 

Yoshimatsu (30), as part of his system for the micro determination of the 
inorganic constituents of serum, has devised a colorimetric method for the 
determination of sodium in 0.1 cc. of serum. The method depends upon 
the precipitation and isolation of sodium as the pyroantimonate, the reduc- 
tion of the antimonate in acid solution by sodium sulphide and the compari- 
son of the orange-red color thus produced with that of a standard sodium 
solution similarly treated. 
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PLATINIC CHLORIDE MICRO TITRATION AND COLORIMETRIC METHODS TOR 
POTASSIUM. BLOOD, URINE, AND STOOLS. SHOHL AND 
BENNETT (22) 

Both titration and colorimetric methods utilizing the chloroplatinate 
have been described by Shohl and Bennett (22). The potassium chloro- 
platinate is converted by addition of potassium iodide into the wine colored 
iodoplatinate. This can be estimated colorimetrically by comparison with 
known solutions of chloroplatinate similarly treated, or can be titrated 
with thiosulfate. One cubic centimeter of 0.01 n thiosulfate titrates 0.01 
m.-Eq. or 0.391 mg. of K. 

KoPtIo + 2 NaoSsOa = KaPtL -j- 2 Nal + Na2S406. 


The colorimetric procedure was first used by Cameron and Failyer (8) 
for the determination of potassium in water. 

Compared with micro methods dependent on precipitation of potassium 
as the cobaltinitrite, chloroplatinate methods have the advantage that they 
are based on a precipitate of definite and constant composition. In the 
experience of the authors the chloroplatinate micro methods are to be 
preferred. One can not, however, claim even for them the same reliability 
as for the macro gravimetric chloroplatinate or perchlorate method, and the 
macro procedures should be used whenever maximum accuracy is desired 
and the necessary amount of material is available. 

The accuracy of the Shohl and Bennett methods is such that 0.1 mg. 
of K (the amount in 0.5 cc. of serum) can usually be determined with an 
error within ±4 per cent, and 0.4 mg. with an error within ±2 per cent. 

Reagents 

Trichloroacetic acid, 20 per cent. 

Hydrogen peroxide, 30 per cent (“Superoxol,” Merck, Blue Label). 

Sulftiric acid, approximately 4 n. 

Hydrochloric acid, approximately 1 n. 

Chloroplatinic acid, containing 10 per cent of platinum; 26.5 grams of 
chloroplatinic acid, H 2 PtCl 6 -61120 dissolved in water and diluted to 100 cc. 

Absolute alcohol, redistilled over lime. 

Absolute alcohol, redistilled over lime and saturated with potassium chloro- 
platinate by shaking the alcohol with a small quantity of the salt, at inter- 
vals, for several days. 

Potassium chloride, 10 per cent, saturated with potassium chloroplatinate 
in the same manner. 
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Potassium iodide, 2 X. 

Standard potassium solution for colorimetric determination. Dissolve 8.914 
grams of dry potassium sulfate in water and dilute it to a liter; 1 cc. of 
this solution contains 4 mg. of K. From this solution, standards for use 
can be prepared when required, by dilution. The most useful standard 
for blood and serum is one that contains 0.2 mg. in 5 cc. (1 volume of 
stock standard solution diluted to 100 volumes with water); 5 or 10 cc. of 
this standard are used for a determination. 

Special solutions for volumetric determination. Sodium thiosulfate 0.01 
X standardized daily against potassium iodate or biiodate (see p. 33). 

H vdrogen pero.vide, 0.2 per cent, made up just before it is to be used. 



Fig. 85. Micro filter for potassium platinic clfioride 


Preparation of material 

The serum or blood may be prepared either by ashing or by removing 
the proteins with trichloroacetic acid. 

Precipitation of blood proteins, (a) For blood serum. To 
1 volume of serum, mixed with 3 volumes of water, is added 1 volume 
of 20 per cent trichloroacetic acid. The mixture is allowed to stand a 
few minutes and filtered through an ash-free filter. Filtration is 
facilitated and the yield of filtrate is increased by preliminary cen- 
trifugation. Five cubic centimeters of filtrate, equivalent to 1 cc. of 
serum or plasma, are taken for the colorimetric technique, twice as 
much for voliunetric determiaation. 

(b) For whole blood. To 1 volume of whole blood, citrated or 
defibrinated, laked by admixture with 2 volumes of water, are added 2 
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volumes of 20 per cent trichloroacetic acid. The mixture is allowed to 
stand for a few minutes and then centrifuged and filtered. One cubic 
centimeter of the filtrate, equivalent to 0.2 cc. of blood, is taken for 
the colorimetric technique, twice as much for the volumetric de- 
termination. 

Ashing serum or plasma. An amount of the sample containing 
from 0.15 to 0.80 mg. of potassium is transferred to a large Pyrex glass 
test tube, 25 by 200 mm. 0.6 cc. of 4 n sulfuric acid is added and the 
mixture is evaporated to a small volume. To the residue, at intervals, a 
drop or more of 30 per cent hydrogen peroxide is added and boiling is 
continued until a clear, colorless solution is obtained while sulfuric acid 
fumes are escaping. Care should be taken that all the hydrogen per- 
oxide has been expelled before the procedure is continued. The sample 
is then transferred with the aid of a small amount of water to a platinum 
crucible or dish, in which it is evaporated to a small volume, and ignited 
as described for “ignition of alkali sulfates” on page 720 of the total 
base chapter. 

Ashing of whole blood, urine, or feces. Urine and feces are 
first ashed by the Stolte process (see p. 70). The ash is taken up in a 
small amount of 0.5 n hydrochloric acid. Whole blood is freed of 
protein by means of trichloroacetic acid as described above. 

An amount of ash solution or blood filtrate (1 to 2 cc. of the latter) 
containing from 0.15 to 0.80 mg. of K is transferred to a platinum dish 
or crucible. Four drops of 4 n sulfuric acid are added and the mixture 
is concentrated and ignited as described for “Ignition of alkali sulfates” 
on page 720 of the total base chapter. The sulfates are redissolved 
and transferred to a small glass or porcelain evaporating dish with a 
minimal amount of water. 

Precipitation of potassium chloroplatinate. The solution of 
alkali sulfates is evaporated to dryness on a steam bath. To the res- 
idue are added 1 drop of 1 n hydrochloric acid and 0.30 cc. of chloro- 
platinic acid. When this has been thoroughly mixed, 5 cc. of alcohol 
are introduced. After the mixture has stood for twenty minutes, the 
precipitate is transferred to a Shohl (21) micro filter. This (see fig. 85) 
is made by mounting a 1-inch funnel in a Witt filtering apparatus, which 
is a suction flask with a ground glass, removable top, devised so that the 
filtrate may be recovered in a small inner tube. A glass pearl is drop- 
ped into the funnel and a mat of fine grained asbestos about j^i.^-inch 
thick is packed over the bead. This makes essentially a micro Caldwell 
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crucible. The excess platinum is filtered off by suction and saved for 
recovery. Precipitate and filter are then washed 4 or 5 times with 
alcohol saturated with potassium chloroplatinate. Some contaminating 
salts, which are precipitated with the chloroplatinate in alcohol, are 
washed out with 3 or 4 portions of 10 per cent potassium chloride 
saturated with potassium chloroplatinate. 

Determination of potassium chloroplatinate 

(a) Colorimetric method. A test tube is placed in the suction 
flask under the micro filter, and the precipitate is dissolved in situ by the 
repeated addition of small amounts of hot water, which are first used 
to rinse the platinum crucible. The washings caught in the test tube 
are transferred to a 25-cc. volumetric flask. Five cubic centimeters 
of 2 N potassium iodide and 1 cc. of 1 n hydrochloric acid are then added, 
the mixture is cooled and diluted to volume. The deep wine-red color 
can be compared at once against known potassium sulfate standards, 
containing 0.2 to 0.4 mg. of K per 5 cc., which have been subjected to 
the same procedure as the unknown, throughout. This obviates the 
necessity of introducing a blank correction for impurities in reagents. 

(b) Titrime trie method. The funnel containing the precipitate is 
removed from the filtering apparatus and inverted. The precipitate, 
together with the asbestos, is returned to the original dish by inserting 
a small glass rod in the stem of the funnel. The sides of the funnel 
are washed with 1 to 2 cc, of hot water and 1 cc. of 2 n potassium iodide. 
The mixture is heated m a water bath at 65° for fifteen minutes. The 
solution is then titrated, while still hot and without removal of the 
asbestos, vpith 0.01 n sodium thiosulfate delivered from a microburette 
with 0.01 or 0.02 cc. divisions (see p. 13). The end-point is a lemon- 
yellow color free from red. A blank determination must, of course, 
be made by carrying out the whole procedure with water as the unknown 
solution. 

(c) Combination titrimetric and colorimetric method. The 
volumetric result can be checked colorimetrically by reoxidation of the 
solution. One cubic centimeter of 1 n hydrochloric acid and 0.10 cc. 
of a fresh 0.2 per cent hydrogen peroxide solution are added to the 
mixture after the titration has been completed. After this has stood 
exposed to the air from thirty to sixty minutes, it is diluted to 50 cc. 
and compared with a suitable colorimetric standard. 
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Colorimetric method. 


Calculations 


—— = milligrams of K in sample analyzed = a. 


V 


grams of K per liter of material. 


100 a 
V 


milligrams of K per 100 cc. of material. 


25.6 a 
V 


milli-equivalents of K per liter of material. 


S and U represent colorimeter readings of standard and unknown respec- 
tively; n = milligrams of K in standard; V = cubic centimeters of blood, 
serum, or urine represented by the sample 

Volumetric method. 

0.391 {A — B) = milligrams of K in sample. 

0.391 {A - B) 


V 

39.1 {A - B) 

V 

10 (A - B) 


= grams of K per liter of material. 


= milligrams of K per 100 cc. of material. 


= milli-equivalents of K per liter of material. 


A and B represent cubic centimeters of 0.01 n thiosulfate used for the 
titration of the unknown solution and the blank respectively; V = volume 
of material represented by the sample analyzed. 

Precautions 

Access of ammonia fumes during precipitation and washing of the potas- 
sium chloroplatinate must be avoided, as ammonium forms an insoluble 
chloroplatinate. For the same reason care must be taken that all ammonia 
is expelled from the ash. Sulfuric acid ashing should be carried out on all 
samples just before the precipitation with chloroplatinic acid to insure the 
expulsion of any ammonia which may have beem absorbed. 

Ashing is an essential part of the procedure for all materials which contain 
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ammonia and other nitrogenous compounds, including even the most 
minute quantities of protein, 

COBALTINITRITE METHODS 

The potassium is precipitated and isolated as the potassium sodium 
cobaltinitrite of the approximate composition K2NaCo(N02)6,and the nitrite 
in the precipitate is titrated by permanganate. 

5 HN-Qi + 2 KAInOi + 3 H.SO, = 5 HNO^ + K.SO^ + 2 MnSO^ T 3 H,0 


The first micro potassium method used for blood analyses, and the one 
by which most of the blood potassium analyses in the literature at present 
have been obtained, is the application of Adie and Wood’s cobaltinitrite 
titration procedure to blood devised by Clausen (9) and further developed 
by Kramer and Tisdall (15, 17, 26). 

Sodium cobaltinitrite, Na3Co(NO«)6, reacts with potassium salts to form 
an insoluble compound in w’hich the sodium in the molecule is partly 
replaced by potassium. Under the conditions usually employed the pre- 
cipitate approximates the composition K2NaCo(N02)8-«H20, the value of 

being 1 or greater according to the temperature and duration of precipita- 
tion. The precipitate can be measured by weight or by any procedure for 
determining either the cobalt or the nitrite in it. Such methods, titrimetric, 
colorimetric, and gasometric, accurate and convenient for microanalyses, 
are available, and would afford ideal micro procedures if the cobaltinitrite 
could be obtained with constant composition. 

Ever since Adie and Wood introduced the method in 1900 it has been 
the object of work and controversy. Its attractive possibilities have lured 
one investigator after another to seek conditions under which a precipitate 
of constant composition could be obtained. Some have reported success 
while others gave up in disgust. Thus Strecker and Jungck (24) in 1923 
after a careful review of the literature and experimental studies of their own 
were unable to find conditions under which a precipitate was formed of 
constant composition. From 0.500 gram of KCl precipitated with a con- 
stant amount of cobaltinitrite in the same volume of solution they obtained 
precipitates varying from 1.651 to 1.501 grams, the theoretical being 1.523 
grams for K2NaCo(N02)6-H20. Recent papers by Bonneau (4) and Van 
Rysselberge (27) give the literature on the controversy and report experi- 
mental work which appears to place the cobaltinitrite methods on a some- 
what more secure basis than formerly. The variation in the weight of the 
precipitate appears to be in part due to variation in the water of hydration. 
According to Bonneau, the rest of the molecule has the constant composition 
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K2NaCo(N02)6 if when the precipitate is formed the ratio Na:K in the 
solution exceeds 22 (the Na in the sodium cobaltinitrite precipitant was 
included in calculating the Na:K ratios). If the solution in which the 
precipitate formed contained more than 1/22 as much K as Na the precipi- 
tate tended more towards the composition KsCo(N 02 ) 6 , and when the ratio 
Na:K was lowered to 1 the precipitate was almost entirely K 3 Co(N 02 ) 6 . 
Bonneau recommends precipitating from solutions where the ratio Na:K 
is from 25 to 100. In his experiments all precipitations were done at nearly 
100°, sodium nitrite and afterwards cobalt nitrite being added to the 
potassium solution instead of adding the cobalt and sodium nitrites together 
in a previously mixed solution, as is usually done. 

Both Bonneau and Van Rysselberge agree that the factor for calculating 
potassium from the amount of cobaltinitrite precipitate should be deter- 
mined by each analyst by control analyses done with the same conditions 
for precipitation and approximately the same amounts of potassium and 
the same Na:K ratios which occur in the unknown solutions analyzed. 
Van Rysselberge states that if calculation factors are thus empirically 
determined by analyses of a series of known solutions covering the variations 
of K content and Na:K ratios encountered in the unknowns, potassium 
determinations can be made with an error not exceeding 1 .3 per cent. 

In normal blood serum the K content and the Na; K ratio vary but little, 
and it appears that accurate potassium determinations should be possible 
if the calculation factors are determined by analysis of similar known solu- 
tions. This in fact was done by Clausen (9) and Kramer and Tisdall (15), 
and their figures for the potassium content of normal human serum are 
practically the same as those obtained with the classical macro gravimetric 
methods. To judge from their controls the same calculation factor sufficed 
also to cover the maximum pathological variations of serum potassium con- 
tent. How accurately the same factor holds for the more variable range of 
K content and Na;K ratios found in stools and urine is uncertain. 

In place of the potassium sodium cobaltinitrite, Breh and Gaebler (5) 
have recently introduced precipitation of the potassium silver cobaltinitrite, 
previously described by Burgess and Kamm (7). This salt has an ad- 
vantage in that it is more insoluble in water than the sodium salt, and conse- 
quently the precipitation can be made directly in the dilute Folin-Wu 
filtrate. This procedure, published in 1930, has unfortunately not had 
time to be put to the test of routine analysis. If it yields a precipitate of 
more constant composition as well as greater insolubility than the sodium 
cobaltinitrite method, it may be the improvement that is needed in order 
to lift the cobaltinitrite methods to a place among precise potassium 
determinations. 
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COBALTINITRITE MICRO TITRATION OF POTASSIUM. CLAUSEN (9), KRAMER 
AND TISDALL (15) 

Reagents 

Soditm cobaltinitrik reagent. A. Dissolve 25 grams of cobalt nitrite 
crystals in 50 cc. of water and add 12.5 cc. of glacial acetic acid. B. Dis- 
solve 120 grams of sodium nitrite, (potassium-free, Merck’s reagent) in 
180 cc. of water. 

Add 210 cc. of B to the whole of A and draw air through the solution 
until all nitric o.vide gas has been driven off. The reagent is placed in the 
refrigerator, where it will keep for a month. It is filtered each time before 
it is used. 

1 : 2 Sodium nitrite solution. Dissolve 50 grams of potassium-free Merck’s 
“Reagent” sodium nitrite in 100 cc. of water. 

Poiassium permanganate. 0.02 N freshly made by dilution from 0.1 n 
and titrated daily against 0.01 n sodium oxalate (for preparation and 
standardization of permanganate, see page 31). 

Sodium oxalate (Sorensen salt), 0.01 n. 

Preparation of material 

Urine and feces must be ashed before the cobaltinitrite precipitation 
is applied, because ammonia and other organic constituents would 
interfere. For serum Kramer and Tisdall either used the ash (15) or 
added the cobaltinitrite directly to the serum. They found no difference 
in the results. Taylor (25), in a recent paper uses only the protein-free 
tungstic acid fdtrate, and Breh and Gaebler (5) found that when the 
direct precipitation was applied to dog sera protein was absorbed by 
the precipitate. No data are given, however, to indicate how much 
error in the permanganate titration was caused by the absorbed protein. 
At present the analyses of Kramer and Tisdall (16), showing results 
by direct precipitation agreeing within the limit of error of the method 
with the results obtained by analyses of ashed serum, stand without 
contradiction. The analyst may therefore, apply the following method 
either to the whole serum or plasma or to its ash. 

Precipitation with cobaltinitrite {17) 

In a 15-cc. graduated centrifuge tube is placed an amount of solution 
containing 0.2 to 0.5 mg. of potassium. This amount is represented 
in 1 cc. of serum or its ash, in the ash of 0.1 to 0.2 cc. of whole blood, 
in about 1/lOOOth of the twenty-four-hour feces of an adult, or 
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1/10, 000th of the twenty-four-hour urine. The material should be 
dissolved in not more than 1 cc. of water and may contain free mineral 
acid equivalent to not more than 1 cc. of 0.1 n solution. Then 0.5 cc. 
of the 1:2 sodium nitrite solution is added, and the contents of the 
tube are thoroughly mixed and permitted to stand five minutes.® 
Water is added to make the volume up to 4 cc. and the contents are 
again mixed. Two cubic centimeters of the sodium cobaltinitrite 
reagent are then added slowly drop hy drop, each drop being mixed as 
added with the solution in the tube. If the reagent is added rapidly a 
plus error exceeding 10 per cent may be caused by occlusion of nitrite 
in the precipitate. The contents of the tubes are allowed to stand for 
half an hour, and are then centrifuged for seven minutes at 1300 revolu- 
tions per minute. All but 0.2 or 0.3 cc. of the supernatant fluid is 
removed. The removal is accomplished by means of a tube drawn out 
to a capillary of about 1-mm. diameter and curved upward in U form 
at the end. It may be fixed in a 2-hole stopper, and air pressure exerted 
through a tube entering the other hole, so that the fluid is blown out. 
Or the fluid may be drawn off by controlled suction. Five cubic centi- 
meters of water are allowed to run down the sides of the tube, which is 
then gently agitated so that the water is mixed with the residual fluid 
above the precipitate, but without disturbing the precipitate. The 
agitation may be accomplished by holding the tube vertically and gently 
hitting the lower end with a circular motion. The brown fluid may be 
seen to rise and mix with the water. The tube is then centrifugated 
for five minutes. The procedure is repeated 3 times, so that the precipi- 
tate is washed with 4 portions of water. The supernatant fluid from 
the last washing should be perfectly clear. After the removal of the 
final washing fluid the precipitate is ready to be titrated. 

Titration 

An excess of 0.02 n potassium permanganate is added (1.6 to 2 cc. 
are sufficient for normal blood), followed by 1 cc. of approximately 
4 N sulfuric acid. The precipitate is then thoroughly mixed with the 
fluid by means of a glass rod. The sample is heated in the boiling water 

® If the sodium nitrite is not added, it will be found that the precipitate obtained on the 
addition of the cobaltinitrite reagent will float on the surface of the fluid and adhere to 
the sides of the tubes. The precipitate will also adhere to the sides unless the tubes have 
been previously cleaned with the use of a brush, washed out with a strong cleaning fluid 
(commercial H2SO4 and dichromate) and then thoroughly rinsed with distilled water. 
Low results will be obtained unless these precautions are observed. 
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bath for forty-five to sixty seconds at the end of which time the solution 
should be clear and still pink. If all the precipitate is not oxidized, the 
contents will be cloudy and the intensity of the color will be seen to 
diminish. Heating should then be continued until the solution is clear 
but still pink. When the heating is continued too long, the contents 
again become cloudy and have a brownish color. If this is allowed 
to happen, the sample must be discarded, as high results will be obtained. 
An amount of 0.01 n sodium oxalate sufficient to decolorize the solution 
completely (generally 2 cc.) is promptly added. The excess of oxalate 
is then determined by titrating to a definite pink color with 0.02 n potas- 
sium permanganate delivered from a micro-burette graduated in 0.02 cc. 

Calculation 

/ (2 [.4 — C] ~ B) = milligrams of K in sample = a. 

/ is a factor representing the milligrams of K indicated by 1 ‘cc. of 0.01 n 
permanganate in the titration. The value of / found by Kramer and Tisdall 
was 0.071, but it is desirable that the analyst should determine it himself 
with his owm reagents as described below. 

.4 is the total cubic centimeters of 0.02 n permanganate used in the 
titration. 

C is the cubic centimeters of 0.02 n permanganate required to give a visible 
color with a volume of water equal to the volume of the titrated solution. 

B is the cubic centimeters of 0.01 n oxalate used in the titration. 



grams of K per liter of urine. 


100 a 

y 


milligrams of K per 100 cubic centimeters of serum. 


1000 a 25.6 a 

— — - = ' ; - = milli-equivalents of K per liter of serum or urine, 

oy.l V V 


V is the number of cubic centimeters of urine or serum represented in 
the sample. 

Example, Two cubic centimeters of 0.02 n potassium permanganate are originally 
added and 0,43 cc. of the same solution is used in the final titration. Two cubic centi- 
meters of 0.01 N oxalate are used to decolorize the solution after the first addition of per- 
manganate. The volume of permanganate required to give a visible color to 4.4 cc. of 
water is 0,03 cc. Hence, if we use 0.071 as the value of/, the calculation is: 

Milligrams of K in sample = 0.071 (2 [2.43 — 0.03] — 2.00) = 0,199 mg. 
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Determination of factor, f. Theoretically, if the precipitate were 
K 2 NaCo(N 02 ) 6 , 1 cc. of permanganate would be equivalent to 0.065 
instead of 0.071 mg. of potassium. The higher factor indicates that 
in the precipitate as formed the ratio of K :N02 is greater than 2 : 6 , and 
that a small fraction of the precipitate is K3Co(N02)6 instead of 
K 2 NaCo(N 02 ) 6 . Those who have most recently studied the cobalti- 
nitrite method (4, 27) are in agreement that each analyst must deter- 
mine for himself under the conditions of his analyses the potassium 
equivalent of the permanganate with which he titrates. In the present 
case this equivalent can be determined by analyses of solutions con- 
taining 0.2 and 0.4 mg; of potassium per cc., or 0.3815 and 0.783 mg. 
of KCl. The factor is calculated as 

^ milligrams of K 
“ 2 (A - C) - B 

where f, A, B, and C have the same significance as in the preceding 
calculation. 

COB.ALTINITRITE MICRO COLORIMETRIC POTASSIUM DETERMINATION. SILVER 
COBALTINITRITE. METHOD OF BREH AND GAEBLER ( 5 ) 

This method was developed primarily for analysis of Folin-Wu serum 
filtrate. The potassium is precipitated in the presence of a silver salt and 
sodium cobaltinitrite. The precipitate formed is potassium silver cobalti- 
nitrite, which is even less soluble than potassium sodium cobaltinitrite. 
Consequently, whereas the latter salt can not be precipitated quantitatively 
in the Folin-Wu blood filtrate until the latter has been concentrated to a 
small volume, the silver salt can be precipitated directly in the filtrate as 
obtained. The insolubility of the silver salt also renders it coriiparatively 
immune to loss when washed with water. The presence of the silver makes 
the precipitate unsuitable for titration with permanganate, but it can be 
measured colorimetrically, or according to the authors, by the gasometric 
method of Kramer and Gittleman described on page 430 of the gasometric 
chapter. 


Reagents 

1. Potassium reagent. To 20 cc. of sodium cobaltinitrite reagent de- 
scribed above on page 748 add 2 cc. of 40 per cent silver nitrate solution. 
Shake vigorously. Filter to remove the trace of precipitate which fails to 
redissolve. 
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2. Dilute nitric acid. A solution prepared by diluting 20 cc. of concen- 
trated nitric acid (specidc gravity 1.42 ) to 100 cc. with water. 

3. Ammonium thiocyanate solution. A freshly prepared 2 per cent solu- 
tion of the chemically pure salt in 95 per cent alcohol. 

4. Potassium standard. An aqueous solution of potassium sulfate con- 
taining 1 mg. of potassium per cubic centimeter, prepared by dissolving 
2,229 grams of the salt and diluting to 1 liter. This is a stock solution. 
For the standard dilute 5 cc. of this to 100 cc., making a solution containing 
0.25 mg. of potassium in 5 cc. 

5. Silver nitrate solution. K 5 per cent aqueous solution. 

6. Protein precipitants. A 10 per cent solution of sodium tungstate, 
and a f N solution of sulfuric acid. 

Procedure 

Place 2 cc. of serum in a 15-cc. centrifuge tube. Add 5 cc. of water, 
and 1 cc, of sodium tungstate solution. Mk. Add 1 cc. of f n sulfuric 
acid. Stopper and shake well. Add 1 cc. of the 5 per cent silver 
nitrate solution, bringing the total volume up to 10 cc., and shake again. 
After fifteen minutes standing centrifuge. The precipitate should 
occupy considerably less volume than the supernatant liquid. The 
latter may be filtered through a very small ash-free paper or may be 
removed with a pipette. When the pipette is inserted into the liquid 
the upper opening of the pipette is closed with the finger so that any 
film on the surface of the liquid will adhere to the outside of the pipette. 

In two 15-cc. graduated conical Pyrex centrifuge tubes, which have 
been cleaned previously with sulfuric acid-bichromate mixture,® place 
5 cc. of the potassium standard (0.25 mg. of K) and 5 cc. of serum 
filtrate respectively. Pass the tube with the standard solution through 
the flame a few times so that it becomes barely warm to the hand.'^ 
Then add 2 cc. of the potassium reagent to each tube. After two hours 
standing centrifuge for fifteen minutes at a speed of about 1200 revolu- 
tions per minute. With a capillary siphon, the tip of which bends up- 
ward, siphon off the supernatant liquid to the 0.3 cc. mark. Wash 
three or four times with 5-cc. portions of distilled water, as in the 
Kramer-Tisdall method. Centrifuge for five minutes each time, and 

® Tubes wMch have been cleaned and dried should, before being used, be rinsed to 
remove any trace of ammonium salt, which forms a highly insoluble cobaltinitrite. 

’’ The silver compound will otherwise precipitate very rapidly from standards contain- 
ing over O.IS mg. of potassium in 5 cc. and will form a fine yellow precipitate which adheres 
to the tube instead of a coarser one which is reddish after centrifuging. 
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siphon off the washing to the 0.3-cc. mark. The wash water should 
be mixed well with the residual solution above the precipitate, but the 
latter is stirred up as little as possible. The last washing should be 
free of yellow color. In the case of the last siphoning especial care 
should be taken to remove the supernatant liquid exactly to the 0.3-cc. 
mark. After removal of the wash water add 1 cc. of the dilute nitric 
acid to each tube, and heat carefully to boiling over a micro burner. 
Just as boiling begins remove the tube from the flame and shake gently. 
In. ten to 20 seconds the yellow precipitate dissolves completely. Should 
any trace remain it can be dissolved by continuing the heat below the 
boiling point, and shaking several times. Cool the tubes under the 
tap, add alcoholic thiocyanate solution to the 8-cc. mark, mix, and com- 
pare in the colorimeter. It is well to rinse cups and plungers with 
alcohol acidified with nitric acid before using them. As is the rule with 
alcoholic solutions, minute bubbles under the plunger must be watched 
for and removed. 

Calculation 

The theoretical formula is: 

S 

Milligrams of K in sample = 0.25 X — 

5 and U represent the readings of standard and unknown respectively. 
0.25 mg. of K is present in the standard. Breh and Gaebler found that 
this formula held exactly only when the K content of the unknown was 
between 0.20 and 0.30 mg. Therefore they constructed the empirical 
curve shown in figure 86, by means of which results can be calculated for 
analyses of samples containing from 0.15 to 0.50 mg. of K, about the extreme 
range encountered in blood serum. 

From milligrams of K in sample one may calculate grams of K per liter, 
milligrams per 100 cc., or milli-equivalents per liter as described for calcula- 
tion of results by the Kramer-Tisdall method above. 

Construction of empirical curve. From the stock standard potassium solution with 1 
mg. per cubic centimeter, a series of 8 solutions containing from 0.15 to 0.80 mg. of K 
per 5 cc. portion is prepared. Several series of determinations are carried out on these 
solutions, using 5 cc. of each, and taking the one containing 0.25 mg. of potassium as 
standard. The average readings obtained on the other solutions are plotted in a curve 
in which milligrams of X. serve as ordinates and readings as abscissae. 

Alternative colorimetric measurement of the precipitate by diazo reaction 

The filtrate is prepared from 1 cc. of serum, 7.5 cc. of water, 0.5 cc. 
of 10 per cent sodium tungstate, 0.5 cc. of f n sulfuric acid, and 0.5 cc. 
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of 5 per cent silver nitrate solution. Precipitation and washing are 
carried out in the manner described above, with 5 cc. of filtrate. The 
standard is 5 cc. of potassium sulfate solution containing 0.08 mg. of 
potassium in this volume. After the washing has been completed 5 cc. 
of 0.2 N sodium hydroxide solution are added to each tube. The 
contents are heated to boiling, filtered from precipitated cobalt and 
silver hydroxides into 50 cc. volumetric flasks, and made up to volume 
by washing. Eight-cubic centimeter portion of standard and unknown 
are transferred to 100-cc. volumetric flasks, and diluted to about 70 cc. 
Two cubic centimeters of sulfanilic acid solution (0.5 per cent in 30 



Fig. 86. Curve for calculation of potassium by Breh and Gaebler’s method. Abscissae 
represent colorimetric readings of the unknown solution when standard, prepared with 
0.2S mg. of K, is set at 20 mm. 


per cent acetic acid) and 1 cc. of naphthylamine solution (0.5 per cent 
in 30 per cent acetic acid) are added. After dilution to volume and 
ten minutes standing comparison is made in the colorimeter. The 
formula 

Reading of standard 
Reading of unknown 

gives the value in milligrams of potassium per 100 cc. If the reading is 
too far from the standard there is ample solution left to repeat the final 
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determination with a different aliquot of the contents of the 50-cc. 
volumetric flask. 

The colorimetric diazo procedure, first published for potassium deter- 
minations by Briggs (6), is accredited by him to unpublished work of 
Bell and Doisy. It has for micro potassium analyses an advantage over 
the preceding colorimetric cobalt determination in that the diazo method 
requires less serum and yields a larger volume of colored solution for 
use in the colorimeter. 

MICRO ELECTROLYTIC SODIUM PLUS POTASSIUM DETERMINATION 

Stoddard (23) removes the alkaline earths, as in the classical methods, 
and then submits the filtrate containing Na and K salts to electrolysis with 
a mercury cathode. The Na and K amalgamate with the mercury, from 
which they are extracted by boiling with excess of standard hydrochloric 
acid, and determined by alkalimetric titration. 
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CHAPTER XXV 


Calcium 

DISCUSSION 

General calcium methods 

Nearly all calcium determinations, both in clinical and general minera 
analyses, involve precipitation of Ca as the very insoluble oxalate. Th( 
latter can be determined by several procedures. 

1. When the oxalate is heated to 300° it loses one molecule of CO and 
changes to the carbonate. 

CaC 204 = CaCOs + CO 
The CaCOs can be weighed. 

2. However, if overheated some decomposition of the carbonate to the 
oxide occurs. Therefore the classical gravimetric method has been tc 
ignite at white heat in platinum until all the COo has been driven off, and 
weigh the oxide. 

CaCjO^ = CaO + CO + CO 2 

3. Instead of weighing, either the carbonate or oxide or a mixture of them 
obtained by ignition in platinum can be dissolved in excess of standard 
hydrochloric acid and titrated as an alkali. 

4. Another volumetric method is offered by redissolving the oxalate 
precipitate in hot dilute sulfuric acid and titrating the oxalic acid with 
permanganate. 

5 H2C2O4 + 2 KMnOi + 3 H2SO4 = 2 MnS 04 + K2SO4 + 10 CO 2 + 8 H 2 O 

5. A gasometric determination can be made by measuring the CO 2 
evolved in the above reaction with permanganate. 

Procedures 3, 4, and 5 are all adapted to rapid determinations of small 
amounts of calcium, and all have found use in clinical analyses. The one 
most used has been the permanganate titration. It is carried out without 
other treatment of the precipitate than washing, while the titration of the 
carbonate or oxide requires a preliminary ignition. The gasometric method 
(see p. 421) has been too recently introduced to have been greatly used, 
but has definite advantages, particularly for micro determinations. 

757 
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Urine. The conditions for the precipitation of calcium oxalate in urine 
have been accurately defined by work of McCrudden (11, 12) and Shohl 
(16). The chief essential is that the precipitation shall occur when the pH 
is between 4 and 5.6. If urine is more acid than pH 4 precipitation of the 
oxalate will not be complete, as it begins to become appreciably soluble at 
more acid reactions. If the pH exceeds 5.6 some magnesium ammonium 
phosphate is likely to be precipitated with the calcium oxalate. McCrudden 
used an acetate buffer mixture to obtain the proper acidity. It can also 
be obtained by other buffers. ^ 

McCrudden (12) gave directions for determining the calcium in the 
oxalate precipitate either gravimetricaUy, by igniting and weighing as CaO, 
or volumetrically by titration with permanganate. He found that uric 
acid frequently contaminated the calcium oxalate precipitate, where its 
presence was made evident by the reddish color of the precipitate. When 
such contamination occurred only the gravimetric method could be used. 
The absorbed uric acid reacted with permanganate in the titration, so that 
results were too high, sometimes by as much as 50 per cent (17). 

Shohl and Pedley (17) made the titration method uniformly applicable 
by oxidizing the organic matter of the urine with ammonium persulfate 
before the calcium oxalate was precipitated. The uric acid was thereby 
destroyed, and calcium oxalate precipitates were obtained which could 
always be titrated. 

MacKay and Butler (unpublished work) have found that the gasometric 
procedure (p. 425) has for urine an advantage over titration in that the 
yield of CO 2 is not significantly affected by adsorbed uric acid on the calcium 
oxalate. The gasometric determination therefore can be done on calcium 
oxalate precipitated without preliminary boiling with persulfate. The final 
gasometric analysis is nearly as rapid as titration. 

Feces. Before calcium in feces can be determined the organic matter 
must be destroyed. Ordinarily this is done by either wet or dry ashing. 
To the solution of the ash the same methods used for urine are applied. 
Corley and Denis (4) destroy interfering organic matter by autoclaving 
with dilute alkali, and then apply the oxalate precipitation and perman- 
ganate titration. Their method avoids ashing, but requires an autoclave 
that can be heated to 160° internal temperature. 

Blood. For blood, plasma, and serum analyses most of the older analysts 
destroyed the proteins by ashing, and used large amounts of blood, condi- 
tions which were impediments to clinical application. In 1917 Halverson 
and Bergeim (5) published the first simple procedure for small amounts of 
blood. Their method is based on three principles: 
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1. The proteins are removed by precipitation in such a highly acid solu- 
tion that all the calcium is kept in solution. The Folin-Wu tungstic acid 
precipitation of proteins can not be used. It is not acid enough to prevent 
loss of much calcium with the protein precipitate (2). 

2. The calcium in the filtrate is precipitated according to the principles 
worked out by McCrudden, at a pH between 4 and 5.6. 

3. The calcium oxalate precipitate is redissolved in a hot, approximately 
1 N solution of sulfuric acid and titrated with permanganate of 0.01 n 
concentration. 

In applying the micro permanganate titration to blood the principles of 
Halverson and Bergeim have been followed by most subsequent authors, 
with the exception of a number who have omitted removal of the proteins, 
and have precipitated the calcium by addition of oxalate directly to the 
more or less diluted serum. Van Slyke and Sendroy (23) showed, however, 
that removal of the proteins is necessary. They obtained from 5 to 15 per 
cent lower results when the calcium oxalate was precipitated in the presence 
of the proteins than when the latter were first removed with trichloroacetic 
acid. That the deficit in the presence of the proteins was due to unpre- 
cipitated calcium was shown by the fact that when the filtrate from the 
calcium oxalate was subsequently freed from proteins with trichloroacetic 
acid a second crop of calcium oxalate could be obtained, which brought the 
total up to that obtained when the entire analysis was performed in the 
protein-free blood filtrate. 

Van Slyke and Sendroy determined the precipitated calcium oxalate 
both by the permanganate titration and by the micro gasometric method 
described on page 421, and obtained identical results, but with less error in 
analyses of small amounts (1 cc. of serum) when the gasometric procedure 
was used, 

Hamilton (6), Trevan and Bainbridge (22), and Fiske and Adams (4-a) 
have heated the calcium oxalate to carbonate or oxide, and titrated with 
hydrochloric acid. It appears possible, although not yet demonstrated 
in blood analyses, that the extra steps may increase the accuracy over that 
of the permanganate titration when the technique of Fiske and Adams for 
preparing the calcium oxide is followed. These authors wash the calcium 
oxalate with ammonium oxalate solution in a micro filter tube, then redis- 
solve with dilute nitric acid and transfer to a platinum dish, where the solu- 
tion is evaporated to dryness. The calcium nitrate residue is covered 
with 0.5 cc. of 2.5 per cent oxalic acid solution, is again dried, and finally 
ignited. The presence of oxalic acid causes the calcium oxide left by igni- 
tion to assume a loose form which is readily redissolved by 0,01 n HCl. 
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The CaO residue is dissolved in excess 0.01 n HCl and titrated back with 
0.01 N NaOH. The Fiske and Adams technique makes it possible to sub- 
stitute w-ashing in a filter tube for washing by decantation and centrifuga- 
tion, so that the possibility of the mechanical losses that can occur in the 
decantation are avoided, 

Briggs (1) introduced quite another principle by precipitating the calcium 
as phosphate instead of oxalate and estimating the PO 4 colorimetrically. 
Roe and Kahn (13, 14) and Kuttner and Cohen (10) produced modifications 
of this method. It is less accurate than the permanganate titration when 
adequate amounts of material are present for the latter, but the colorimetric 
method has an advantage when minimal amounts must be determined. It 
can be used with a fraction of a cubic centimeter of plasma if necessary. 

Blood cells contain little or no calcium (see the chapter on calcium, in 
volume I). Calcium determinations on whole blood are nf little clinical 
value, because the calcium content of -whole blood is determined less by the 
concentration of calcium in either cells or serum, than it is by the relative 
proportions of cells' and serum in the blood. 

Since calcium is precipitated by oxalates the latter can not he ^^sed as anti- 
coagulants in blood the serum or plasma from which is to be used for calcium 
determination. If the whole blood is to be analyzed, 0.3 per cent potassium 
oxalate can be used for anticoagulant; when the proteins are precipitated 
with trichloroacetic acid the high acidity redissolves the calcium oxalate, 
so that it is all regained in the filtrate (2), However, whole blood analyses 
are seldom desirable. One usually centrifuges the cells and analyses the 
serum or plasma. And if oxalate has been added the calcium will be pre- 
cipitated and mixed with the , cells. 

The serum or citraied plasma should be removed from the cells as soon as 
Possible after the blood is drawn. If blood is allowed to stand for any con- 
siderable period the cell membranes appear to become permeable to calcium. 

Choice of methods. For urine, descriptions will be given of McCrudden’s 
gra-vimetric method, Shohl and Pedley’s permanganate titration, Tisdall 
and Khamer’s micro permanganate titration, and Van Slyke and Sendroy’s 
gasometric method as applied by MacKay and Butler. 

The amounts of urine required are, for the gravimetric method, 200 cc. ; 
for Shohl and Pedley’s titration, 100 cc.; for the micro titration, 2 cc.; 
for the gasometric method 3 to 10 cc. are ordinarily taken, but 1 cc. sufiSces. 

In urine the rehable but laborious gra-vimetric method -will seldom be 
resorted to, except as a standard when it seems desirable to check another 
procedure. Both the Shohl-Pedley titration method and the Van Slyke- 
Sendroy gasometric one are more rapid and convenient, and nearly as 
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accurate. The gasometric method has an advantage over the titration in 
that the gasometric can be used without preliminary oxidation of the urine 
to destroy uric acid. 

If it is desirable to use but little urine the gasometric method is most 
convenient. The micro titration method of Tisdall and Kramer can also 
be used, but it must be preceded by the somewhat laborious Stolte dry 
ashing. 

For feces the same methods are applied after the organic matter has 
been oxidized. 

For blood plasma or serum micro permanganate titration, micro gaso- 
metric, and micro colorimetric methods are described. For the perman- 
ganate titration it is desirable to have the filtrate from as much as 2 cc. of 
serum; even the 0.2 mg. of Ca in this amount will require only 1.0 cc. of 
0.01 N permanganate to titrate it. For the gasometric method filtrate 
from 1 cc. of serum yields an amount of calcium oxalate determinable with 
1 per cent accuracy, and a fraction of a cubic centimeter can be used, with 
correspondingly less accuracy. The colorimetric method also permits 
determination on the filtrate from 1 cc. or less of serum, with accuracy more 
difficult to define. 


CALCIUM DETERMINATION IN URINE 
GRAVIMETRIC METHOD OE McCRUDDEN (11, 12) 

Calcium is precipitated and isolated as the oxalate, the precipitate is 
ignited, and the calcium weighed as the oxide, CaO. 

Reagents 

2.5 per cent oxalic acid sokitioii. 

Twenty per cent sodium acetate solution. 

0.5 per cent ammonimn oxalate solution. 

Procedure 

The reaction of the urine is tested with litmus paper. If the urine 
is alkaline it is made neutral or slightly acid with hydrochloric acid 
solution. The neutral or slightly acid urine is then filtered; 200 cc. 
of the filtrate are transferred to an Erlenmeyer flask and the reaction 
is tested with litmus paper. If it is only faintly acid, 10 drops of con- 
centrated hydrochloric acid are added ; if it is strongly acid it is made 
just alkaline with strong ammonia water and then just acid with hydro- 
chloric acid before the 10 drops of concentrated hydrochloric acid are 
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added. Ten cubic centimeters of 2.5 per cent oxalic acid are now 
introduced, followed by 8 cc. of 20 per cent sodium acetate. The mix- 
ture is either allowed to stand over night at room temperature or is 
shaken vigorously for ten minutes. It is then filtered through ash-free 
filter paper. The precipitate and flask are washed with 0.5 per cent 
ammonium oxalate solution imtil the precipitate is free from chloride. 
The filtrate and washings are used for the determination of 
magnesium by McCrudden* s method (see chapter on magnesium). 

The precipitate and filter paper are transferred to a platinum crucible, 
dried, ignited, and finally heated in a blast lamp to constant weight. 
The weight of the CaO is then determined. 

Calculation 

0.7147 W = grams of Ca in sample analyzed. 

714-7 W ^ ^ . 

= grams of La per liter of urine. 


35,680 TT^ 
V 


milli-equivalents of Ca per liter of urine. 


W = grams of CaO weighed. V = cubic centimeters of urine represented 
in sample. One milli-equivalent of Ca = 20.03 mg. 

Titration of calcium in urine by the method of Shohl and Pedley {17) 

The urine is oxidized with ammonium persulfate to destroy excess uric 
acid, which would affect the permanganate titration. Calcium is precipi- 
tated as oxalate and the oxalate is determined by titration with per- 
manganate. 

Reagents 

Concentrated sulfuric acid. 

Concentrated a7nmonia. 

Ammojiiiim persulfate. This deteriorates when exposed to the air. The 
active salt, when first put into solution crackles, with the evolution of a 
gas that smells like ozone. It must be tested for the presence of calcium 
by a blank determination. 

2.5 per cent oxalic acid solution. 

0.02 per cent soUition of methyl red in 50 per cent alcohol. 

Sulfuric acid, approximately 1.0 n. Dilute 30 cc. of concentrated sul- 
furic acid to a liter. 
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Potassium permanganate, 0.05 n (for details of preparation and standard- 
ization see p. 31). 


Procedure 

To 100 cc. of unfiltered urine in a 250-cc. Erlenmeyer flask, add 5 cci 
of concentrated sulfuric acid and 3 to 4 grams of ammonium persulfate. 
Insert a funnel into the neck of the flask to prevent the solution from 
spattering. Bring the liquid to a boil and keep it near the boiling point 
on an electric hot plate or over a low flame for one hour or until the 
persulfate is completely reduced and does not froth when the flask is 
agitated. At this point the solution should be pale green. Add 10 cc. 
of 2.5 per cent oxalic acid solution and cool the mixture to room tem- 
perature. Neutralize it with concentrated ammonia, using the methyl 
red indicator. Cool the solution to room temperature once more and 
if it becomes red bring it to the neutral point of the indicator again. 
Let it stand over night. Filter it on a 12.5 cm. hardened filter paper 
free from calcium. Wash the precipitate and the flask three times 
with water, filling the filter two-thirds full and allowing it to drain 
each time. 

Break a hole in the filter paper and wash the precipitate back into 
the original flask, first with water and then with hot normal sulfuric 
acid, bringing the volume to about 100 cc. Add 10 cc. of concentrated 
sulfuric acid, heat the solution to 70 or 80°C. and titrate with 0.05 n 
potassium permanganate until the appearance of the first pink color 
that persists 15 seconds. A blank determination must be run on the 
reagents alone. 


Calculation 

A — B — milligrams of Ca in sample. 

A - B 

= grams of Ca per liter of urine. 


SO {A - B) 


milli-equivalents of Ca per liter of urine. 


A = cubic centimeters of 0.05 n KMNO 4 used in titrating sample. B — 
cubic centimeters used in titrating blank. V = cubic centimeters of 
urine represented in sample. To simplify the calculations of milligrams 
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and grams of Ca 20 instead of 20.03 is taken as the equivalent weight of Ca. 
The error introduced is negligible in this analysis. 

MICRO TITRATION OF CALCIUM IN URINE BY THE METHOD OF TISDALL AND 

KRAMER (21) 

Of the permanganate titration, a micro form, introduced by Halverson 
and Bergeim (5) for blood analysis, is applied to the redissolved ash of 
urine. 


Reagents 

A lO-fold dilution of ammonmm hydroxide (10 cc. of concentrated am- 
monia solution diluted to 100 cc.). 

A 50-fold dilution of ammonium hydroxide. 

Sulfuric acid, approximately 1.0 n. Dilute 30 cc. of concentrated sulfuric 
acid to a liter. 

Oxalic acid, 1.0 n. Dissolve 45 grams of oxalic acid in water and dilute 
to a liter, 

A filtered saturated solution of sodium acetate. 

Potassium permanganate, 0.01 n. This must be standardized each day 
against a 0.01 n solution of Sorensen sodium oxalate (for details of prepara- 
tion and standardization see p. 31). 

Procedure 

The urine is ashed and extracted by the Stolte method described 
on page 70 ; the ash is dissolved, and the solution is brought to the 
original volume of the urine. Of the ash solution, 2 cc. are diluted to 
4 cc. with water in a 15-cc. graduated centrifuge tube. (Centrifuge 
tubes used should be previously cleaned with chromic-sulfuric acid.) 
Add 1 drop of phenolsulfonephthalein (phenol red) indicator solution 
and introduce 10-fold diluted ammonium hydroxide solution drop by 
drop untn the liquid is alkaline. Add 1.0 n sulfuric acid till it is just 
acid again to redissolve the phosphates. Add 1 cc. of 1.0 n oxalic acid 
followed by 1 cc. of a filtered saturated solution of sodium acetate. 
The latter must be added drop by drop. Mix andjet the tube stand 
forty-five minutes. Centrifuge for ten minutes at 1300 revolutions per 
minute. Decant the supernatant fluid. Wash as described on page 
770 for micro blood analyses. After the last washing fluid has been 
poured off add 2 cc. of 1.0 n sulfuric acid, shake the tube to suspend the 
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precipitate, warm it in a boiling water bath for a few minutes and titrate 
the solution with 0.01 n potassium permanganate until the first appear- 
ance of a pink color which persists one minute. A blank determination 
must be run on the reagents alone. 

Calculation 

0.2 {A — B) = milligrams of Ca in sample, 

0.2 {A ~ B) 

= grams of Ca per liter of urine. 


10 (A - B) 


mUli-equivalents of Ca per liter of urine. 


A = cubic centimeters of 0.01 n potassium permanganate used in the 
titration of the urine. B = cubic centimeters of 0.01 n potassium per- 
manganate used in a blank determination on reagents. V = cubic centi- 
meters of urine represented by the volume of urine extract. 

GASOMETRIC DETERMINATION OF CALCIUM IN URINE 

This method is described on page 425 in Chapter 7. 

CALCIUM DETERMINATION IN FECES 
GRAVIMETRIC METHOD OF MCCRUDDEN (11, 12) 

The procedure is similar in principle to that employed by McCrudden 
for analysis of urine. 

Reagents 

2.5 per cent oxalic acid solution. 

Three per cent ammonium oxalate solution. 

0.5 per cent ammonium oxalate solution. 

Twenty per cent sodium acetate solution. 

Concentrated ammonia solution. 

0.1 per cent alizarin indicator solution. 

Concentrated hydrochloric acid. 

Procedure 

Ashing. Stools may be ashed by any suitable procedure (see p. 69). 
Shohl and Rothwell (18), however, use the following especially for 
feces designed for calcium analyses. 
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The stool is treated with alcohol, dried, pulverized, and mixed by 
sieving, as described on page 78. A suitable portion’^ is weighed into 
a platinum crucible or dish and ashed slowly below red heat (about 
400°C.) either in an electric oven or by the Stolte method (see p. 70). 
The ash is treated with 3 to 5 cc. of water and 1 cc. of concentrated 
nitric acid, and is heated until it is dissolved as entirely as possible. 
The solution is filtered through an ash free paper, crucible and paper 
being washed with 4 or 5 portions of about 5 cc. each of hot water. 

For wet ashing the Neumann method (page 69) may be used. 

Precipitation and ignition of calcium oxalate. The solution of 
ash is transferred to a 250-cc. Pyrex Erlenmeyer flask and diluted to 
about 100 cc. A few drops of alizarin solution are added, then con- 
centrated ammonia drop by drop until the solution is just alkaline. 
Concentrated hydrochloric acid is then added until the solution is just 
acid. An additional 10 drops of the acid are then added, followed by 
10 cc. of the 2.5 per cent oxalic acid. 

From this point the procedure is the same as in the gravimetric 
determination of calcium in urine. 

The filtrate and washings from the calcium oxalate may be used for 
determination of magnesium. 


Calculation 

0.7147 W = grams of Ca in the sample of stool analyzed. 

35.68 W — milli-equivalents of Ca in the sample of stool analyzed. 

W — weight of CaO in grams. 

TITRATION OF CALCIUM IN FECES. MCCRUDDEN ( 11 , 12 ) 

In this case the procedure up to the finish of the washing of the pre- 
cipitate is the same as above described, except that a somewhat smaller 
sample, enough to yield about 20 to 30 mg. of Ca, is taken. The pre- 
cipitate is washed 3 times with cold water, the filter being about two- 

^ Both amount and composition of feces vary greatly. The dry weight ordinarily 
varies from 25 to 75 grams per day, being highest in subjects on a vegetable diet. The 
calcium content varies with that of the food and with the intestinal behavior, but is 
likely to be 500 mg. or more per day. One may expect roughly about 1 to 2 per cent of 
the dry stool to be calcium. A suitable sample to yield 50 to 100 mg. of CaO by gravi- 
metric analysis would therefore ordinarily be 0.1 to 0.2 of the twenty-four-hour feces, or 
about 5 grams of dried feces. 
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thirds filled each time and allowed to drain completely before more 
water is added. A hole is then made in the paper and the calcium 
oxalate is washed with 25 to 30 cc. of water into the same flask in which 
it was precipitated. The paper is then washed with 25 to 30 cc. of hot 
1 N sulfuric acid to dissolve any oxalate crystals that may be adherent. 
To the washings 5 cc. of concentrated sulfuric acid are added and the 
oxalate is titrated immediately with 0.05 n potassium permanganate in 
the manner described in Shohl and Pedley’s method for the analysis 
of urine, above. 

{A — B) — milligrams of Ca in sample. 

(A - B) 

= milli-equivalents of Ca in sample. 

A = the number of cubic centimeters of permanganate used in the titra- 
tion of the unknown solution, B = the cubic centimeters used in the titra- 
tion of a blank determination on the reagents. 

MICRO DETERMINATION OF CALCIUM IN FECES 

A sample containing an amount of calcium suitable for one of the blood 
calcium methods is ashed, or a larger portion is ashed and aliquots with the 
proper amount of calcium for micro analysis are taken from the solution of 
the ash. The calcium is determined by one of the micro methods described 
below for blood analysis. 

CALCIUM DETERMINATION IN BLOOD 

MICRO TITRATION. MODIFIED METHOD OF HALVERSON AND BERGEIM (5) 

The original picric acid method (5) of precipitating the proteins is replaced 
by the more convenient trichloroacetic acid technique used by Kramer and 
Tisdall (9). The calcium oxalate is precipitated in centrifuge tubes by an 
adaptation of McCrudden’s principles. The precipitate is determined as 
in the original Halverson-Bergeim method, by redissolving in hot 1 n sulfuric 
acid and titrating the oxalic acid with 0.01 n permanganate. 

Reagents 

Trichloroacetic acid, 20 per cent. Twenty grams dissolved in water and 
diluted to 100 cc. 

Sodium acetate, 20 per cent. Twenty grams of NaC 2 H 302 - 3 H 2 O dissolved 
and diluted to 100 cc. 
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Brom cresol green, 0.016 per cent. Stock 0.1 per cent solution is made as 
shown in table 60, page 793. Of the stock solution 16 cc. are diluted to 100. 

1:1 Ammonia water. Concentrated ammonium hydroxide diluted with 
an equal volume of water. 

1 : 50 Ammonia water. One volume of concentrated ammonia mixed with 
50 volumes of water. 

Ammo?mmi oxalate, saturated solution, about 4 per cent. 

Approximately 1 n sulfuric acid. 

Potassium permanganate, 0.01 n. This can be made up the day used by 
dilution of standard 0.1 n permanganate, the preparation of which is de- 
scribed on page 31. An alternative procedure, used by Halverson and 
Bergeim, is to prepare a large volume of 0.01 n solution, and digest it at 
near the boiKng point for thirty-six hours. The solution is then cooled and 
permitted to stand over night. The supernatant solution is syphoned from 
the precipitate of manganese dioxide which has settled to the bottom. 
Halverson and Bergeim state that after the solution has stood a few days it 
will usually lose not more than 0.1 per cent of its strength per week. It is 
standardized by titrating against the 0.01 N sodium oxalate solution as 
follows. Ten cubic centimeters of the oxalate solution and 10 cc. of 2 n 
sulfuric acid are heated to 65° to 70° and at once titrated with the perman- 
ganate until a color is obtained which persists for as long as a minute. 

Sodium o.xalate, 0.01 n . This is prepared by dilution of 0.1 n solution on 
the day used. For preparation of the 0.1 n solution see page 31. 

Removal of proteins 

Serum or citrate plasma is pipetted into a measuring flask calibrated 
to hold five times the volume of the sample. Three volumes of water 
are mixed with the sample, and then one volume of freshly prepared 
20 per cent trichloroacetic acid, filling the flask up to the mark. The 
material is mixed and allowed to stand a half hour for precipitation of 
the proteins. The mixture is then transferred to a tube and centri- 
fuged. The supernatant liquid is poured off through a small ashless 
filter paper and filtrate is obtained of about four-fifths the volume of the 
mixture. When sufficient material is available 5 cc. of serum or plasma 
are taken, and yield enough filtrate for duplicate analyses. 

Rothwell (15) has shown that the same procedure can be applied to 
whole blood containing as much as 0.3 per cent of potassium oxalate. 
The blood is precipitated with 7 volumes of water and 2 volumes of 20 
per cent of trichloroacetic acid, or is mixed directly with 9 volumes of 5 
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per cent trichloroacetic acid. In oxalate blood the calcium is already 
precipitated, but the high acidity of the trichloroacetic acid apparently 
completely redissolves the calcium oxalate. 

In case minimal amounts of material must be used 1 cc. of blood or 
serum can be ashed, the ash redissolved in dilute hydrochloric or nitric 
acid, and the entire redissolved ash used for analysis as described 
below (7). 

Precipitation of calcium oxalate 

Filtrate equivalent to 0.5 or 1.0 cc. of serum suffices when the pre- 
cipitated oxalate is to be determined gasometrically (p. 421) or by the 
colorimetric method (p. 773). For titration, however, one preferably 
uses at least 10 cc. of serum filtrate, equivalent to 2 cc. of serum, or 
15 to 20 cc. of blood filtrate, equivalent to 3 or 4 cc. of whole blood. 
These amounts will contain about 0.2 mg. of Ca, and require about 1 
cc. of 0.01 N permanganate in the titration. If smaller amounts are 
taken the titration error of about ±0.01 cc. of the permanganate 
becomes more significant, and the effects of any errors in the washing 
of the calcium oxalate are magnified. If the sample represents only 
1 cc. of serum a possible error of ±5 per cent must be expected. 

In a scrupulously clean^ 15 cc. graduated conical centrifuge tube are 
placed 10 cc. of filtrate, or a smaller volume of filtrate which is diluted 
to 10 cc. in the tube. (In case filtrate from whole blood is used, 20 cc. 
are concentrated to 10 cc.) One cubic centimeter of 20 per cent sodium 
acetate, 6 or 8 drops of 0.016 per cent brom cresol green indicator, and 
1 cc. of saturated ammonium oxalate are added. In adding the oxalate 
care is taken that it drops directly into the solution and does not touch 
the lip of the tube, from which removal by the subsequent washing is 
likely to be incomplete. The mixture is stirred with a thin-footed, 
glass rod. A few drops of 1 : 1 ammonia are added until the resulting 
color matches that of a similar volume of acetate buffer solution of 
pH 5.0, containing the same number of drops of indicator. Shohl (16) 
has shown that at pH above 4.0 calcium oxalate is completely precipi- 
tated. The stirring rod is washed off with a few drops of water. The 
tube is covered and the mixture is allowed to stand over night to com- 
plete precipitation. (For acetate buffer, see table 69, p. 813.) 

^ The tubes may either be kept immersed in a mixture of chromate and sulfuric acid 
whenever not in use (23), or may be heated at about 100° in the mixture immediately 
before they are used (3). 
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Washing the calcium oxalate precipitate 

The washing of the calcium oxalate by centrifugation and decantation 
is the point at which, workers who have studied the method agree 
(3, 19, 23), there is most possibility of error. In American laboratories 
the washing has been done with distilled water, as in Halverson and 
Bergeim’s original procedure, or with dilute ammonia. Small volumes 
of washing fluid have been used, so that slight losses of the precipitated 
calcium oxalate, by its resolution or mechanical escape in the washings, 
are balanced by retention of equivalent amounts of ammonium oxalate 
not completely removed by the washings. In England, Stanford and 
Wheatley (19) have introduced the use of saturated calcium oxalate 
solution as washing fluid, so that loss by resolution of the precipitate 
is avoided. 

We shall describe three washing techniques, each of which has proven 
its practicability in routine analysis. The choice among them will 
depend upon the conditions of the analyses. 

1. Clark and Collip^s washing method by decantation, (3). 
After centrifugation of the calcium oxalate is complete the supernatant 
liquid is carefully poured off. While the tube is still inverted it is placed 
in a rack for five minutes to drain, the mouth of the tube resting on a pad 
of filter paper. The mouth of the tube is wiped dry with a soft cloth 
and the sides of the tube are washed down with 3 cc. of 1:50 ammonia 
solution directed in a very fine stream from a wash bottle. The pre- 
cipitate is stirred up with the 3 cc. of washing fluid, and is again centri- 
fuged. The supernatant solution is decanted and the tube is drained 
for five minutes as before. The precipitate is then ready to be redis- 
solved in sulfuric acid and titrated. 

The Clark and Collip washing technique can be used only with conical 
centrifuge tubes, which are sufficiently narrow at the bottom (about 
3 nun. inner diameter) to hold together the precipitate and permit none 
to escape when the fluid is decanted. 

After the five minutes’ drainage only about 0.02 cc. of solution remains 
adherent to the walls of the tube. Consequently one can calculate 
that after the single washing there remains in the tube, from the 35 mg. 
of ammonium oxalate added to precipitate the calcium, only about 
0.0005 mg., equivalent to 0.0002 mg. of Ca, or 0.1 per cent of the amount 
usually determined in a 2 cc. sample of plasma. This is negligible. 
The amount of error caused in the opposite direction by solubility of 
the calcium oxalate in the 3 cc. of washing fluid also is negligible. The 
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slight amount of ammonium oxalate, about 0.01 mg., left after the firs 
decantation, is sufficient to depress the solubility of the calcium oxalate 
so far that the theoretical maximum loss from solubility would be onlj 
a fraction of a per cent of the calcium present, and the actual loss ir 
the short period of contact must be still less. 

Of the three methods of washing which we describe, the Clark and 
Collip is the simplest with regard to manipulation, and involves onl} 
a single washing. Its only drawback is the occurrence of occasional loss 
probably from unnoticed agitation of the precipitate during the decanta- 
tions. When there is sufficient material to repeat an occasional dupli- 
cate that goes wrong from this cause, the method is the most convenieni 
available. 

2. The Halverson-Bergeim washing with removal of mother 
liquors by suction (5, 23). The procedure is here described as some- 
what modified by Van Slyke and Sendroy (23) . After precipitation of the 
calcium oxalate is complete the tube is centrifuged, and the supernatant 
solution is carefully and slowly drawn off without disturbing the pre- 
cipitate. For drawing off the fluid a piece of thin walled glass tubing 
is drawn out to a capillary which is bent back into a U, the returning 
limb of which is cut off at a height 1 or 2 mm. above the bend. Suction 
is applied to this tube through a rubber tube which can be opened and 
closed by a pinch cock attached near the point where the rubber joins 
the glass. The glass capillary with the bent tip is immersed into the 
solution above the calcium oxalate, and the suction is permitted to act 
by opening slightly the pinck-cock. The solution is drawn off until 
only 0.2 or 0.3 cc. remains above the precipitate. Some calcium oxalate 
crystals are likely to remain in the surface film of the liquid even after 
centrifuging. To avoid loss of these, one takes care that during 
removal of the solution the curved tip of the tube is kept always below 
the surface, that the suction is applied so slowly that the solution is 
not agitated, and that the suction is stopped before the surface of the 
fluid has fallen to the inlet of the suction tube. 

The precipitate and tube are washed with two portions of the 1 : 50 
ammonia water. In each washing 3 cc. of the solution are poured 
gently down the walls of the tube so that the latter are washed about 
their entire circumference with least possible disturbance of the 
precipitate. The mixture is then centrifuged and the liquid is drawn 
off as above outlined. 

If at each withdrawal 0.25 cc. of fluid is left in the tube one can calcu- 
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late that after the second washing the amount of ammonium oxalate 
left is equivalent to about 0.002 mg. of calcium, or 1 per cent of the 
amount ordinarily in 2 cc. of serum. This retention is balanced by a 
slight loss of precipitate, so that the results are exact within the limit 
of error of the titration (23). 

The above procedure requires more time and manipulation than the 
Clark-Coliip technique, and involves two washings instead of one. It 
appears, however, to be more immune to mechanical losses of the 
precipitate, and is favored when the repetition of an occasional analysis 
is undesirable. 

3. Stanford and Wheatley’s (19) washing method. A saturated 
calcium oxalate solution is prepared by shaking pure, thoroughly washed 
precipitated calcium oxalate with water at room temperature. The 
solution is filtered through two thicknesses of No. 30 Whatman paper 
to remove fine crystals. In order to be sure that the removal has been 
complete 15 cc. of the solution plus 1 cc. of concentrated sulfuric is 
titrated, as described below, with 0.01 n permanganate. From the 
solubility of calcium oxalate, enough should be dissolved so that the 
titration takes 0.17 cc. of 0.01 n permanganate. The solution is satis- 
factory if it does not take more than 0.25 cc. 

After precipitation and centrifugation of the calcium oxalaie in the 
serum filtrate, the supernatant fluid is sucked off with a bent capillary, 
and is washed twice with a volume of the saturated calcium oxalate 
solution about equal to the volume of fluid (10 cc.) in which the calcium 
was precipitated. The technique of washing and of withdrawing the 
fluid with a bent capillary tube is the same described above for the 
Halverson-Bergeim procedure. 

The Stanford and Wheatley method appears to be the safest of all, since 
the danger either of mechanical loss by decantation or of loss by resolution 
of the precipitate is avoided. Also such large volumes of washing fluid 
can be used that the fluid need not be drawn off from the precipitate at 
each washing as completely as in the Halverson-Bergeim procedure. When 
10 cc. of washing fluid are used, even if 0.5 cc. is left after each removal no 
significant error is caused. The Stanford-Wheatley method would seem 
to be especially desirable when the smallest amounts of calcium are deter- 
mined, as in gasometric micro analyses on 1.0 or 0.5 cc. samples of serum. 
The only disadvantage of the Stanford-Wheatley method is the necessity 
of preparing an extra reagent, the saturated calcium oxalate. 
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Titration of the calcium oxalate precipitate 

Two cubic centimeters of the approximately 1 n sulfuric acid are 
blown from a pipette directly onto the precipitate in such a manner as 
to break it up and facilitate its solution. The tube is then placed in a 
boiling water bath for about one minute. It is then placed in a beaker 
containing water heated to 70° to 75°, and is there titrated with 0.01 n 
permanganate from a micro burette graduated into 0.02 cc. divisions 
(see figure 1, p. 13), until the appearance of a definite pink color 
which persists 1 minute. The error of the titration is only about 
±0.01 cc. Variations in results not accounted for by a ±0.01 cc. error 
in titration are likely ^ be attributable to the washing technique. 

Calculation 


0.2 f (A — B) — milligrams of Ca in sample. 


20 / U - B) 
V 


= milligrams of Ca per 100 cubic centimeters of serum. 


10 / U - B) 
V 


milli-equivalents of Ca per liter of serum. 


A indicates the cubic centimeters of 0.01 n permanganate used in the titra- 
tion, B the cubic centimeters used in titration of a blank,/ the 0.01 n factor 
of the permanganate obtained by titration against 0.01 n sodium oxa- 
late (/ is the ratio, cubic centimeters of oxalate: cubic centimeters of 
0.01 N permanganate obtained in the standardization). V is the cubic 
centimeters of blood or plasma represented in the portion of filtrate analyzed. 

COLORIMETRIC BLOOD CALCIUM, BRIGGS METHOD (1) AS MODIEIED BY ROE 

AND KAHN (14) 

The calcium is precipitated as phosphate and estimated by colorimetric 
determination of the PO 4 by the methods described in the phosphorus 
chapter. 

Reagents 

Standard phosphate solution, (a) Stock solution. Dissolve 2.265 grams 
of pure dry monopotassium phosphate in 1 liter of phosphate-free water. 
One cubic centimeter of this reagent contains 0.5162 mg. of phosphorus 
equivalent to 1 mg. of calcium as Ca 3 (P 04 ) 2 . Preserve with chloroform. 

(b) Phosphate solution for calcium estimation. Pipette accurately 20 cc. 
of the stock phosphate solution into a liter flask and make up to the mark 
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with phosphate-free water. Five cubic centimeters of this solution contain 
0.05162 mg. of phosphorus, equivalent to 0.1 mg. of calcium as Ca 3 (P 04 ) 2 . 

Alkaline alcohol loash reagent. In a 100-cc. graduated cylinder place 
58 cc. of 95 per cent ethyl alcohol. Add 10 cc. of amyl alcohol and make up 
to 100 cc. with distilled water. Add 2 drops of 1 per cent phenolphthalein. 
Now add 5 per cent calcium-free sodium hydroxide, a drop at a time, with 
repeated shaking, until a distinct pink is obtained. Two or 3 drops of the 
alkali are usually enough to alkalinize properly a mixture of neutral alcohols. 

Procedure 

To 4 parts of 10 per cent trichloroacetic acid in an Erlenmeyer flask 
add 1 part of blood serum. Shake the flask '^ntil the contents are 
thoroughly mixed. Filter through a calcium-free filter paper (Whatman 
No. 42 ). Place 's cc. of the filtrate in a 15-cc. conical graduated centri- 
fuge tube, add 1 cc. of 25 per cent calcium-free sodium hydroxide, and 
let stand for five minutes. Add 1 cc. of 5 per cent trisodium phosphate, 
twirl the tube until the contents are thoroughly mixed, and set aside 
for one hour. 

After one hour’s standing centrifuge for two minutes. Decant the 
supernatant liquid and place the tube in an inverted position in a small 
beaker containing a mat of clean gauze or filter paper in the bottom. 
Allow to drain for two minutes, then wipe the mouth of the tube dry 
with a clean cloth. Add from a pipette 5 cc. of the alkaline alcoholic 
wash reagent, delivering the reagent in a manner that will first break 
up the mat of Ca3(P04)2 in the bottom of the tube and then wash down 
the sides of the tube. This is done by using a bulb pipette with a fine 
delivery tip. The contents of the pipette are first blown forcefully by 
means of the breath upon the mat of Ca3(P04)2 and are later directed 
upon the sides of the tube. If the mat of Ca3(P04)2 is not broken up 
completely by this procedure, it must be fragmented thoroughly with 
a clean glass stirring rod. Centrifuge for two minutes, then decant the 
wash reagent. . Drain the tube as indicated above by placing in an 
inverted position for two minutes and wipe the mouth dry with a clean 
cloth. 

Redissolve the calcium phosphate in 5 cc. of 5 per cent trichloro- 
acetic acid, and analyze by any of the methods described in the phos- 
phorus chapter for colorimetric determination of inorganic phosphate- 
in serum or plasma (Tisdall’s method is preferred by the authors). 
For the colorimetric comparison, five cubic centimeters of standard 
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phosphate solution containing phosphate equivalent to 0.1 mg. of 
calcium, are used. 


Calculation 

When the sample represents 1 cc. of serum, the standard is equivalent to 
0.1 mg. of Ca, and both standard and unknown are brought to the same 
volume for color comparison, the following formulae are used: 

10 .S 

= milligrams of Ca per 100 cubic ceatimeters of serum. 


U 


milli-cquivalcnts of Ca per liter of serum. 


5 = reading of standard, U — reading of unknown. 

When the standard is other than equivalent to 0.1 mg. of Ca, or its volume 
differs from that of the unknown, the results calculated by the above for- 
mulae are multiplied by the fa.ctor: 




Ca in standard 
0.1 


X 


vo’ume of unknown 
volume of standard 


COLORIMETRIC ULTRA MICRO METHOD OF KUTTNER AND COHEN FOR BLOOD 

AND BUS 

Kuttner and Cohen (10) by a similar procedure determine the Ca in 
as little as 0.1 cc. of plasma or pus. In order to avoid the loss which 
attends precipitating the proteins, they ash the material in platinum, 
first by dry heat, then with a drop or two of concentrated nitric acid. 
The ash is dissolved in 7 per cent trichloroacetic acid, and the rest of 
the procedure is similar to that above outlined, except that everything 
is done with smaller quantities. The Ca 3 (P 04)2 is precipitated in a 
small tube from 1 cc. of solution, and is washed twice with 1 cc. portions 
of washing solution. The colorimetric determination is done in small 
tubes by diluting the unknown until it matches the standard. 

GASOMETRIC BLOOD CALCIUM 

This method is described on page 421 of chapter VII. 
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CHAPTER XXVI 


JMagnesium 

DISCUSSION 

Earlier methods for the estimation of magnesium in biological material 
involved ashing of the material, removal of the calcium as oxalate, precipi- 
tation of the magnesium as MgNH4P04-6H20, and ignition of the precipi- 
tate to pyrophosphate, Mg2P207, which was weighed. McCrudden (14, 15) 
simplified the method for urine by employing a procedure which obviated 
ashing. Jones (9) showed that ignition may be omitted, and that the 
MgNH4P0.i-6H20 crystals can be dried to constant weight wdth the 
designated content of water of crystallization in sixteen hours or longer at 
room temperature, at least in atmosphere of the humidity of Baltimore. 
Most chemists still ignite to the pyrophosphate, however. The gravimetric 
method is simple and exact, and a considerable number of analyses can be 
run through in a day, particularly if Jones’ method can be used, or if a 
muffle furnace is available so that a number of crucibles can be ignited 
together. 

A titration method based on the magnesium ammonium phosphate pre- 
cipitate was devised in 1877 by Stolba (16). This tribasic alkaline phos- 
phate was titrated to the monobasic by means of acid according to the 
reaction: 


BsPOi -f 2 HCl = BH 2 PO 4 + 2 BCl, 

with cochineal as indicator to show the end point, which is at pH 4.5 to 4.7. 
Tisdall and Kramer (17) have applied the method to the determination 
of magnesium in urine. 

For clinical blood analyses the above procedures require too much mate- 
rial (unless a micro balance is used) and colorimetric methods must be em- 
ployed. These (1, 2, 3, 4, 7, 11, 12, 13) all depend upon colorimetric deter- 
mination of the PO4 in the magnesium ammonium phosphate precipitate, 
and have utilized in turn the various colorimetric micro methods that have 
been developed for phosphate. They are not so exact as the classical 
gravimetric procedure or the titration, which are preferable for analysis of 
urine and stools, where sufficient material is available. Resort to the colori- 
metric micro methods is desirable only for blood. 
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Among other methods proposed for the analysis of blood and serum is 
the micro-gra\dmetric procedure of Dienes (5), which utilizes Pregl’s micro- 
technique. Kolthoff (10) has suggested the use of "Titan-yellow” for 
colorimetric determination of magnesium. 

The amount of magnesium in the normal excreta varies with that in the 
diet, but is usually 100 to 200 mg. per twenty-four hours in the urine, and 
two or three times as much in the feces. In normal serum the magnesium 
content is 1 to 3 mg. per 100 cc. or 1 to 2.5 univalent milli-equivalents per 
liter (see volume I). 


MAGNESIUM IN URINE 

Gravimetric method of McCrudden {14, 15) 

Reagents 

Concentrated nitric acid. 

Concentrated hydrochloric acid. 

Dilute ammonia solution (specific gravity about 0.96), 1 volume of con- 
centrated ammonia diluted with 2 volumes of water. 

Two per cent acid sodium phosphate solution. 

0.1 per cent alizarine solution. 

Alcoholic ammonia sohUion, 1 part of alcohol, 1 part of dilute ammonia 
(specific gravity 0.96) and 3 parts of water. 

Procedure 

Calcium is precipitated from the urine by the method of McCrudden 
(see calcium determination, p.761). The calcium-free filtrate secured 
by removal of the calcium oxalate is transferred to a porcelain dish ; 20 
cc. of concentrated nitric acid are added, and the mixture is evaporated 
to dryness. The residue is heated over a free flame until the ammo- 
nium salts are destroyed and fumes of nitric oxide no longer come off. 

Then 10 cc. of concentrated hydrochloric acid are added and the solution 
is again evaporated nearly to dryness. It is then diluted to about 80 cc., 
nearly neutralized with ammonia and then cooled. Enough acid sodium 
phosphate solution (usually 10 or 20 cc.) is added to precipitate the mag- 
nesium. With a few drops of alizarine as indicator, ammonia is then 
added drop by drop with constant stirring until the solution is alkaline, 
and then in addition enough dilute ammonia to increase the total volume 
of the solution by one-fourth. The mixture is allowed to stand over 
night. Next day it is filtered on a Gooch or porous-bottomed Jena glass 
crucible of coarse porosity. The precipitate is washed free of chlorides 
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with alcoholic ammonia solution. The crucible is dried, and ignited at 
a bright red to change the precipitate to Mg2P207. 

An alternative procedure to ignition is to let the crucible dry in room 
air over night or longer, until the weight is constant, and then weigh the 
precipitate as MgNH4P04-6H20, according to Jones ( 9 ). The writers 
have not had experience with this procedure, but it appears that it may 
be advantageous when numbers of analyses are to be done and a muffle 
furnace is not available. 

Calculation 

When the precipitate is weighed as MgoPsO?; 

0.2184 IF = grams of Mg in sample. 

17.96 IF = milli-equivalents of Mg in sample. 

218-4 rF 

= grams of Mg per liter of urine. 


17,960 TF 
V 


milli-equivalents of Mg per liter of urine. 


When the precipitate is weighed as MgNHiPOzr 6 H 2 O: 
0,09906 TF = grams of Mg in sample. 

8.1s W ~ milli-equivalents of Mg in sample. 

99.06 TF 

^ = grams of Mg per liter of urine. 

8,146 TF 

milli-equivalents of Mg per liter of urine. 


TF represents grams of precipitate and V the cubic centimeters of urine in 
the sample analyzed. One milli-equivalent of Mg is calculated as 

24.32 

— ~ — == 12.16 milligrams of magnesium. 

MAGNESIUM IN URINE. TITRATIOM METHOD OE TISDALL AND KRAMER (17) 

The determination is based on the precipitation of magnesium as magne- 
sium ammonium phosphate and titration of the tertiary to the primary 
phosphate with an indicator which gives the correct end point (hbout pH 4.6) 
for completion of the reaction. The latter may be represented as 

Mg(NH4)P04 + 2 HCl = MgCh + H2(NH4)P04. 
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In practice the precipitate is dissolved with an excess of acid, which is 
titrated back with alkali. 


Reagents 

A 10 volume per cent solution of ammonium hydroxide. Dilute 10 cc. of 
concentrated ammonia solution to 100 cc. 

An approximately 4 n sulfuric acid solution. Dilute 110 cc. of con- 
centrated sulfuric acid to a liter. 

A saturated solution of ammonium oxalate. 

A 10 per cent solution of ammonium phosphate (NH 4 ) 2 HP 04 . 

Thirty volume per cent alcohol. Dilute 30 cc. of alcohol to 100 cc. 

Tincture of cochineal. Extract 1 part of crushed cochineal with 10 parts 
of 25 volume per cent alcohol. 

0.1 N hydrochloric acid solution. 

0.1 n sodium hydroxide solution. 

Procedure 

Twenty-five to 50 cc. of urine are dried and are ashed by the method 
of Stolte, described on page 70 of chapter 11. To the redissolved 
ash in a 100-cc. beaker add a drop of phenol red indicator and enough 
10 per cent ammonium hydroxide to make the solution just alka- 
line. Add 4 N sulfuric acid till it is just acid again to redissolve 
the phosphates. Introduce 5 cc. of saturated ammonium oxalate, 
mix, and let the mixture stand 15 minutes to precipitate the 
calcium. To insure the presence of an excess of phosphate add 1 cc. 
of 10 per cent ammonium phosphate, followed by 5 cc. of concen- 
trated ammonia water. Mix the contents of the beaker thoroughly 
and, after the mixture has stood an hour,^ filter it through a 9-cm. No. 40 
Whatman filter paper, transfering the whole precipitate from the beaker 
to the filter with the aid of a rubber-tipped rod and some 10 per cent 
ammonium hydroxide. Remove all the ammonia from the filter by 
washing the latter four times with 30 per cent alcohol. Transfer the 

1 Up to this point McCrudden’s procedure, described above, for precipitation of the 
MgNH 4 P 04 may be used instead of the Tisdall-Kramer method. The McCrudden pre- 
cipitation is carried out with larger amounts of urine, so that 20 to 40 cc. of 0.1 N HCl may 
be required to redissolve the precipitate instead of the S cc. which usually suffice when the 
Tisdall-Kramer directions are followed. The McCrudden method avoids the Stolte 
ashing and the consequent necessity of platinum dishes. When the McCrudden precipi- 
tation is used the amount of indicator added is increased in proportion to the volume of 
solution that is present during the titration. 
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filter paper with the precipitate to a 100-cc. beaker, add about 30 cc. of 
warm water and stir filter paper and precipitate into the water with a 
glass rod. Add 3 drops of tincture of cochineal and an excess (usually 
5 cc.) of 0.1 N hydrochloric acid. After five minutes titrate the solution 
with 0.1 N sodium hydroxide until the light yellow color changes to 
purple. Use a burette graduated into 0.05 cc. divisions. 

The accuracy of the end point may be increased by Fiske’s (6) device 
of using for comparison a flask containing a solution of acetate buffer at 
the pH of the desired end point. The buffer solution is made by add- 
ing 50 cc. of 2 N acetic acid to 35 cc. of 2 n sodium hydroxide solution 
(the acid and hydroxide should titrate exactly against each other with 
phenolphthalein as indicator). This stock buffer solution is diluted 10- 
fold for use. The control flask contains a volume of the diluted buffer 
solution approximately equal to the final volume of solution in the 
titrated flask, and an equal amount of indicator is added to each. Fiske 
prefers as indicator methyl red solution (see table 68, p. 812), added in 
sufficient amount to make one-tenth the volume of the final solution. 
Bromcresol green should also be applicable (table 68). 



A = cubic centimeters of 0.1 n HCl; B = cubic centimeters of 0.1 n NaOH; 
V = cubic centimeters of urine in sample. 


ML'i.GNESIUM IN URINE. COLORIMETRIC METHOD OF BRIGGS (2) 

Brigg’s method depends on the colorimetric determination of the phos- 
phorus in precipitated magnesium ammonium phosphate. This is less 
accurate than titration, but can be performed with very little urine. 

Reagents 

Reagents for colorimetric phosphate determination (see chapter XXXI). 

Dilute ammonia solution. Dilute 25 cc. of concentrated ammonia water 
to 100 cc. 
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Five volumes per cent solution of glacial acetic acid. 

Four per cent solution of ammonium oxalate. 

Two per cent solution of potassium dihydrogen phosphate. 

Alcohol wash solution. Dilute 200 cc. of 95 per cent alcohol and 50 cc. 
of concentrated ammonia water to a liter. 

An approximately 0.2 n hydrochloric acid solution. Dilute 16 cc. of con- 
centrated hydrochloric acid to a liter. 

Methyl red^ 0.05 per cent solution in alcohol. 


Procedure 


To 2 cc. of clear, acid urine in a Pyrex test tube, 16 by 150 mm., 
marked to contain 15 cc., add a drop of methyl red indicator and introduce 
dilute ammonia, drop by drop, until the color of the solution changes to 
brown. Adjust the reaction with a few drops of 5 per cent acetic acid if 
too much ammonia is added. Add 1 cc. of 4 per cent ammonium oxa- 
late and rub down the calcium oxalate precipitate with a rubber-tipped 
stirring rod. Set the tube aside for two hours. Add 1 cc. of 2 per cent 
potassium phosphate and 1 cc. of concentrated ammonia water and rub 
down the precipitate of magnesium ammonium phosphate. Allow the 
mixture to stand two hours. Centrifuge ten minutes at 1500 r.p.m. and 
pour off the supernatant fluid. Add 20 cc. of the alcoholic wash solu- 
tion, rub the sides of the tube and stir up the precipitate with the rubber 
tipped rod. Centrifuge again. Repeat the washing. Dissolve the 
precipitate, after decantation of the final supernatant fluid, in a small 
amount of 0.2 n hydrochloride acid. Determine the phosphorus by 
either of the colorimetric methods described in the phosphorus chapter, 
using for comparison a standard phosphate solution containing 0.10 mg. 
of phosphorus. 

Calculation 


0.0784 

V 


X “ = grams of Mg per liter of urine, 


~ milli-equivalents of Mg per liter of urine. 

iS and U represent readings of standard and unknown respectively. V is 
the number of cubic centimeters of urine taken for analysis. 

MAGNESIUM IN FECES. GRAVIMETRIC METHOD OF McCRUDDEN (14, 15) 

Reagents 

Concentrated nitric acid. 

Concentrated hydrochloric acid. 
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Dikite hydrochloric acid, about 0.5 n 

Dilute ammonia solution (specific gravity about 0.96), 1 volume of con- 
centrated ammonia solution diluted with 2 volumes of water. 

Two per cent acid sodium phosphate solution. 

Five per cent sodium citrate solution. 

0.1 per cent alizarin red solution. 

Alcoholic ammonia solution. One part of alcohol, 1 part of dilute ammonia 
solution (specific gravity 0.96) and 3 parts of water. 

Procedure 

For the determination of magnesium the calcium-free filtrate, ob- 
tained in the McCrudden calcium method (see p. 765) after the calcium 
oxalate has been removed, is used. It is treated in the same manner as 
the urine filtrate (see above) except that the presence of iron, which is 
frequently found in stools, necessitates treatment with sodium citrate. 

The filtrate containing the magnesium is evaporated almost to dryness 
in a porcelain dish, after the addition of 20 cc. of concentrated nitric 
acid. Heating is continued until fumes of nitric oxide no longer come 
off. Ten cubic centimeters of concentrated hydrochloric acid are added 
and the solution is again evaporated nearly to dryness. It is then 
diluted to about 80 cc., nearly neutralized with ammonia, and then 
cooled. 

If no iron is present the procedure described for urine analysis may 
be continued from this point on. If iron is present 0.5 to 1.0 cc. of 5 per 
cent sodium citrate is added, followed by enough acid sodium phosphate 
to precipitate the magnesium. A few drops of 1 per cent alizarine red 
solution are introduced, and dilute ammonia solution is added drop by 
drop, with constant stirring, until the solution is alkaline. Enough addi- 
tional ammonia is then introduced to inrease the volume of the solution 
by one-fourth. The solution is allowed to stand over night. Next day 
it is filtered and washed a few times by decantation with the alcoholic 
ammonia solution. The precipitate on the filter paper and in the flask 
is then dissolved in dilute hydrochloric acid and made up to 80 cc. with 
water. Then 0.5 to 1.0 cc. of 5 per cent sodium citrate is added, the 
magnesium is reprecipitated with sodium acid phosphate and ammonia 
solution and filtered, as before. The precipitate is collected in a Gooch 
or porous-bottomed Jena glass crucible, as described above for urine 
analysis, and is weighed either as air-dried MgNH 4 P 04 • dH 20 or as 
ignited Mg 2 P 207 . 

Calculation of magnesium in sample is same as for urine. 
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magnesium in EECES. titration method of TISDALL and KRAMER (17) 

Like Tisdall and Kramer’s titrimetric method for urine, this is an applica- 
tion of Stolba’s alkalimetric titration of the MgNH4P04 precipitate. 

Of a solution of redissolved stool ash prepared by the Tisdall-Kramer 
technique described on page 70 of chapter II, 10 to 30 cc. are analyzed by 
the same procedure described for the analysis of urine. 

Calculation 

1.216 (A — B) = milligrams of Mg in sample analyzed. 

0.1 (j 4 — S) = milli-equivalents of Mg in sample analyzed. 

A = cubic centimeters of 0.1 n HCl, B = cubic centimeters of 0.1 n NaOH. 

As in urine analysis, the titration procedure may be applied in place of 
weighing to the magnesium ammonium phosphate precipitate obtained in 
the McCrudden method. The calculation is the same as in the. Tisdall- 
Kramer method. 

MAGNESIUM IN SERUM. COLORIMETRIC METHOD OF BRIGGS (2) 

The magnesium is precipitated as MgNH4P04 • 6H2O, and the PO4 is 
determined colorimetrically. 


Reagents 

The reagents for Halverson and Bergeini’s calcium method described on 
page 767 of the preceding chapter. 

The reagents for whichever colorimetric phosphorus method is chosen (see 
pages 875-880 of the phosphorus chapter). 

In addition the following: 

A 2 per cent solution of KH 2 POi. 

Concentrated ammonia solution. 

Ammoniacal dilute alcohol, 200 cc. of 95 per cent alcohol and 50 cc. of 
concentrated ammonia solution plus water to 1 liter. 

Standard KHfPOi solution containing 0.025 mg. of P per cubic centimeter. 
The solution contains 0.1098 gram of KH2PO4 per liter. 1.098 grams are 
made up to 100 cc., and 10 cc. of this stock solution are diluted to 1 liter. 

Procedure 

The calcium in 10 cc. of 1 :5 trichloracetic acid serum filtrate is pre- 
cipitated as described for the method of Halversen and Bergeim in the 
preceding chapter, and washed by the Clark and Collip technique there 
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outlined. The mother liquors and washings are decanted into a Pyrex 
test tube 16 by 150 mm. marked at 15 cc. 1 cc. of 2 per cent potassium 
dihydrogen phosphate and 1 cc. of concentrated ammonia solution are 
added. The precipitate is rubbed down from the sides of the tube with 
a rubber-tipped rod, the rod is rinsed into the tube, and the latter is let 
stand four hours to insure complete precipitation. Centrifuge ten 
minutes at 1500 r.p.m. and pour off the fluid. Add 20 cc. of the alcoholic 
wash solution, scrub the sides of the tube and stir up the precipitate with 
the rubber tipped rod. Centrifuge and decant the supernatant liquid 
again. 

To the precipitate in the tube add 5 cc. of water and in a similar tube 
place 3 cc. of a standard potassium dihydrogen phosphate solution, con- 
taining 0.075 mg. of phosphorus. The phosphorus is then determined 
by one of the colorimetric methods (see p. 775-780). 


S.88 5 
U V 

4,83 .S 
U V 


Calculation 

milligrams of Mg in 100 cc. of serum, 
milli-equivalents of Mg per liter of serum. 


5' = reading of standard, U = reading of unknown, V = the volume in 
cubic centimeters of serum represented by the amount of filtrate taken 
for analysis. 


BIBLIOGRAPHY 

1. Briggs, A, P.: A colorimetric method for the determination of small amounts of 

magnesium. J. Biol. Ckem., 1922, 52, 349. 

2. Briggs, A. P.: Some applications of the colorimetric phosphate method. /. Biol. 

CJmn., 1924, 59, 255. 

3. Denis, W.: Determination of magnesium in blood. J. Biol. Client., 1920, 41, 363. 

4. Denis, W. ; The determination of magnesium in blood, plasma, and serum. J. Biol. 

Cheni., 1922, 52, 411. 

5. Dienes, L. ; Further studies on the determination of calcium, magnesium, and phos- 

phorus in animal substances. J. Biol. Cheni:, 1924, 61, 77. 

6. Fiske, C. H. ; The determination of inorganic phosphorus in urine by alkalimetric 

■ titration. J. Biol. Chem., 1921, 46, 285. 

7. HAiUEEXT, F. S., AND Adams, E. T.: a colorimetric method for the determination of 

small amounts of magnesium. J. Biol. Chem., 1922, 52, 211. 

Note on a colorimetric method for the determination of small amounts of mag- 
nesium. J. Biol. Chem., 1922, 54, 565. 

8. Hirth, a.: Le dosage du magnesium dans le plasma sanguin. Compt. rend. soc. 

hiol., 1923, 88, 460. 



BIBLIOGRAPHY 


787 


9. Jones, W. : The admissibility of ammonium magnesium phosphate as a form in 
which to weigh phosphoric acid. J. Biol. Ch&m., 1916, 25, 87. 

10. Kolthoee, J. M.: Eine neue spezifische Farbreaktion auf Magnesium und eine ein- 

fache kolorimetrische Methode zur quantitativen Bestimmung von Spuren 
dieses Elements. Biocheni. Z., 1927, 185, 344. 

11. Kramer, B., and Tisdall, F. F. : A simple technique for the determination of cal- 

cium and magnesium in small amounts of serum. J. Biol. Chem., 1921, 47, 475. 

12. Ke.4MER, B.j and Tisd.all, F. F. : The direct quantitative determination of sodium, 

potassium, calcium and magnesium in small amounts of blood. J. Biol. Chem., 
1921, 48, 223. 

13. Marriott, W. McK., and H0MrL.A.ND, J. : A micro method for the determination of 

calcium and magnesium in blood serum. J. Biol. Client., 1917, 32, 233. 

14. McCrudden, F. H. : The quantitative separation of calcium and magnesium in the 

presence of phosphates and small amounts of iron devised especially for the 
analysis of foods, urine and feces. J. Biol. Chem., 1909-10, 7, 83. 

15. McCrudden, F. H. : The determination of calcium in the presence of magnesium 

and phosphates : The determination of calcium in urine. J. Biol. Chem., 1911- 
12, 10, 187. 

16. Stolba, F, : Zur quantitativen Bestimmung der Magnesia, der Phosphorsaure, und 

ArsensSure durch Alkalimetrie. Z. Anal. Client., 1877, 16, 100, 

17. Tisdale, F. F., and Kramer, B.: Methods for the direct quantitative determination 

of sodium, potassium, calcium and magnesium in urine and stools. J. Biol. 
Chem., 1921, 48, 1. 



CHAPTER XXVII 
The pH of Blood and Urine^ 

DISCUSSION 

In 1917, Parsons (33) showed that the pH of whole blood measured with 
the hydrogen electrode is really the pH of the plasma. Methods for the 
determination of the pH of blood plasma or serum have been based for the 
most part on three principles:- 

1. Electrometric determination with the hydrogen electrode. This is the 
classical method to 'which all others are referred for comparison. It w^as 
first applied by Hober (22). The first successful determinations of the pH 
of blood w^ere made by Hasselbalch and Lundsgaard (16) and by Michaelis 
and Davidoff (28) in 1912. Since then, the technique has been further 
improved by W. Mansfield Clark (5), Cullen (6), and Erik Warburg (42). 

Recently, two other electrometric methods have become available. 
Cullen and his co-'workers (7, 8, 9, 12) have applied the quinhydrone elec- 
trode to serum and have determined the correction factor of this electrode 
at 20°. Kerridge (23) in 1925 demonstrated the application of the glass 
electrode to pH determinations of blood. MacInnes and Dole (27) have 
recently developed a type of glass electrode for use with small amounts of 

*■ The authors are indebted to Dr. J. Sendroy, Jr., for preparing much of this chapter. 

* For a discussion of the meaning of hydrogen ion concentration, and pH, and their 
significance in physiology and pathology, the reader is referred to the chapter on “Car- 
bonic acid and acid-base balance” in volume I. For more complete descriptions of the 
principles and technique of pH determinations than can be given here, see the standard 
work on the subject by W. Mansfield Clark (5). 

Evans (On a probable error in determinations by means of the hydrogen electrode, 
J. Physiol., 1921-22, 54, 353) reported difficulty in getting agreement between pH values 
determined in bicarbonate containing solutions by the hydrogen electrode and by the 
colorimetric method, and was inclined to conclude that in the presence of H 2 CO 3 and 
BHCO 3 the electrometric measurements were in error by as much as 0.2 pH. Cullen 
and Hastings, however, (A comparison of colorimetric and electrometric determinations 
of hydrogen ion concentrations in solutions containing carbon dioxide, J. Biol. Chein., 
1922, 52, 517) found that when precautions were taken to control the CO 2 tension, and 
phenol red was used as indicator, electrometric and colorimetric results agreed. They 
found no evidence of any disturbing effect of bicarbonate or carbonic acid on the accuracy 
of electrometric pH determinations. Their experience has apparently been confirmed 
by that of subsequent authors, since, so far as the writers are aware, none have reported 
difficulties in electrometric pH determinations in bicarbonate containing solutions. 

788 



DISCUSSION 


789 


material, and have demonstrated its specficity for hydrogen ions. Stadie, 
O’Brien, and Lang (38) have applied the Macinnes and Dole electrode 
especially to serum pH determinations. 

2. Colorimetric determinations. While the hydrogen electrode provides 
the standard for all pH values, its demands in technique are such that it is 
hardly to be considered as a generally applicable clinical procedure. The 
colorimetric methods are simpler, and the most recent ones yield results 
almost as accurate as the electrometric. The blood or urine is handled 
to prevent COo loss, and is diluted to eliminate as much as possible the 
error due to the color of the material itself and the effect of protein, when 
this is present. An indicator is added to the diluted sample, or a dialyzate 
of the original material, and the resulting color is matched against standards. 

The colorimetric procedure depends on the behavior of certain substances, 
known as indicators, which change color when the pH of the solution is 
altered. The indicators referred to in this chapter show^ two colors, one 
in alkaline and another in acid solutions. At a certain pH which is char- 
acteristic for each indicator, half of the substance will be present in the 
alkaline form, half in the acid form. As the pH varies from this point, one 
or the other color predominates in accordance with Henderson’s modifica- 
tion of the mass law equation, 


pH == pK' + log 


alkaline form 
acid form 


where pK' is an approximate constant. The value of pK', and hence the 
indicator color at a given pH, is affected by salts, proteins, etc. (See Clark 
(5) and Sendroy and Hastings (34).) 

Standards with colors corresponding to those of solutions of definite pH 
over a given range may be prepared in two ways : 1 . The indicator may be 
added in constant amount to a series of standard buffer solutions of known 
pH, so that each standard contains a mixture of the acid and alkaline forms 
of the indicator, the proportions of which may be calculated by the above 
equation from the pK’' of the indicator and the pH of the buffer solution. 
The original methods of Henderson and Palmer (21) for urine pH and of 
Cullen (6) for plasma pH were based on comparison with such standards. 

2, Standards may be made by preparing a series of pairs of tubes, one 
containing alkali, the other acid. The indicator is distributed in varying 
proportions between the alkali and acid tube of each pair, so that when 
transmitted light is received through the two tubes, the resulting colors 
are those of mixtures of the alkaline and acid colors of the indicator. This 
“bicolor” method, introduced by Bjerrum (4) and utilized by Gillespie (14) 
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and Myers (29), has been applied by Hastings and Sendroy in modifying 
the Cullen method for estimating plasma pH. The bicolor standards have 
several advantages over the previously more commonly used buffer stand- 
ards. The bicolor standards are not affected by temperature changes; 
they are much more permanent than buffer standards, which may change 
in a few days or weeks, even when kept cold and dark; the accuracy of the 
bicolor standards does not depend on the use of buffer salts of great purity. 
On the other hand, the accurac}' of the bicolor standards does depend upon 
the use of dyes free from impurities which affect the color. 

Therefore, the precaution of testing the purity of the indicator should never 
he omitted when using hicolor standards. A standard buffer solution is pre- 
pared with pH near that at which the indicator to be tested presents a good 
readable color. When possible, a pH near the pK' of the indicator is 
preferable. Then into two tubes, one acid and one alkaline, are measured 
solutions of the indicator in such proportions, that they should, according 
to tables 61 to 65, transmit the same color as the buffer solution when an 
equal total concentration of the indicator is added to it. If the colors 
match, the indicator is satisfactorily pure. If there is a difference, the 
indicator should be rejected or the bicolor readings corrected, depending 
on the magnitude of the discrepancy. 

The application of the colorimetric technique to urine was made by Hen- 
derson and Palmer (21) in 1912. They used phenolphthalein, neutral 
red, jb-nitrophenol, and methyl red as indicators, with phosphate and 
acetate buffer standards. Hastings, Sendroy, and Robson (18) have ap- 
plied Clark’s indicators (5) to the bicolor technique, and have brought the 
method to an accuracy approaching the electrometric. 

The application of the colorimetric technique to blood was made by Levy, 
Rowntree, and Marriott (25). They devised the ingenious procedure of 
dialyzing the blood against physiological salt solution and measuring 
colorimetrically the pH of the dialyzate. The technique was later improved 
by Dale and Evans (10), who added precautions to prevent loss of carbon 
dioxide and consequent increase of pH during the procedure. Lindhard 
(26) later modified the method for use with small amounts of blood. 

Cullen (6) introduced the simpler direct colorimetric determination on 
serirni or plasma diluted 20-fold with neutral saline solution. The pH 
determined at room temperature, by comparison of dilute plasma -j- phenol 
red with standard solutions of buffer -f phenol red, was found by CuUen 
to be higher than the pH determined in the plasma electrometrically at 
body temperature. The difference was partly' due to temperature and 
partly to the effect of proteins and perhaps other substances in the plasma 
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on the phenol red. The total difference between the colorimetric pH deter- 
mined at 20° and the electrometric pH at 38° was determined by Cullen for 
plasma of several species. This difference is subtracted as a correction to 
the observed colorimetric pH in order to find the true pH of the plasma in 
the circulating blood. The correction was found to be 0.22, 0.17, and 0.12 pH 
for human, rabbit, and horse plasma, respectively. For horse serum the 
correction was 0.16, distinctly higher than the correction for plasma from 
the same horse. The correction for dog serum averages 0.35. The cor- 
rection for human plasma decreases by 0.01 pH for every 1° increase of 
temperature between 20° and 30°. Although the empirical correction factor 
seems quite constant for plasma from normal men it has been found to vary 
considerably in some pathological conditions (3). Austin, Stadie, and 
Robinson (3) therefore proposed that the empirical correction factor for 
each subject whose plasma was studied should be determined by simul- 
taneous colorimetric and gasometric determination on a sample of plasma 
brought to a known CO 2 tension. 

Hastings and Sendroy (17) added several improvements to Cullen’s 
method. They adapted to it the bicolor standards, and, by making the 
color comparisons at 38° instead of room temperature they eliminated, save 
in exceptional pathological cases, the necessity for the use of empirical 
corrections with human plasma. 

3. Gasometric determinations. By use of the Henderson-Hasselbalch 
equation (15) 


pH = pK' + log 


BHCQ3 

H2CO3 


= pK' -f log 


CO 2 — 0.1316 ap 
0.1316 ap 


pH can be calculated from the total volumes per cent carbon dioxide, CO 2 , 
the CO 2 tension, p, and the CO 2 solubility, a (p. 308). (For discussion 
of the Henderson-Hasselbalch equation see pages 874-882 of volume I.) 
Various authors have applied the procedure to estimate the pHs of circulat- 
ing blood. They have constructed CO 2 absorption curves of the blood and 
interpolated on them the CO 2 content found in a sample of the freshly drawn 
blood. (For discussion of CO 2 absorption curves of blood see chapter on 
“Carbonic acid and acid-base balance” in volume I) . Because of the forma- 
tion of lactic acid in whole blood during the process of saturation with air 
of known CO 2 content at 38° to obtain the absorption curves, because of 
the continual CO 2 production that goes on in whole blood, and because of 
the difficulty of precise correction for the effect of degree of oxygen satura- 
tion on the CO 2 and pH of whole blood, extraordinary precautions are neces- 
sary in order to obtain accurate results by the gasometric pH method ap- 
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plied to whole blood. Although some authors have been successful (see 
p. 913, volume I), it appears certain that the majority of pH estimations 
made by interpolation on the CO 2 absorption curves of whole blood have 
not yielded tenable results. 

When, however, plasma or serum is separated anaerobically from the 
freshly drawn blood and used for the interpolation method the above 
sources, of error, encountered with whole blood, are avoided. Eisenman 
(13) has accordingly been able to apply the gasometric interpolation method 
successfully to plasma and serum. Her method is described in the gaso- 
metric chapter on page 298. 

Van Slyke, Sendroy, and Liu have determined the CO2 tension of blood 
by equilibrating for a short time a relatively large volume with a small 
bubble of air already in approximate equilibrium with the COo and O2 
tension of the blood. The final CO 2 tension of the air in the bubble is 
determined by micro gas analysis in the Van Slyke-Neill manometric 
apparatus, and is used to calculate the pH by the Henderson-Hasselbalch 
equation. This method is described on page 309 in the gasometric 
chapter. 

URINE pH. BICOLOR METHOD OF HASTINGS, SENDROY, AND ROBSON (18) 

Reagents 

0.01 -v sodium hydroxide and hydrochloric acid, 

0,001 N hydrochloric acid and 0.001 x sodium hydroxide are made by dilu- 
tion from the above. 

0.1 per cent cresol red sohition. 

0.1 per cent phenol red solution. 

0.1 per cent hrom cresol purple solution. 

0.1 per cent hrom cresol green solution. 

The 0.1 per cent stock indicator solutions are made from the solid dyes 
by dissolving with the aid of the amounts of alkali indicated in table 60 
and diluting to 100 cc. 

As pointed out by Hastings, Sendroy, and Robson (18), chlor phenol red 
is of but limited use, and we have omitted it in the tables. Cresol red, not 
used in the original paper (18) has been added because of its usefulness in 
the higher alkalinities. The pK' of this indicator has been investigated by 
Davis and Hastings (11), who have been kind enough to supply, previous 
to pubhcation, the data on which table 61 for the preparation of cresol red 
standards is based. 
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Procedure 

The urine is collected and kept under oil. As soon^as possible after 
collection, 2 cc. are pipetted into a test tube containing 1 cc. of indicator 

TABLE 60 


Indicator Solutions tor Urine pH 


INDICATOR 

1 

TO make 100 CC» OF STOCK 
SOLUTION 

VOLUME OF ' 
STOCK SOLUTION 
DILUTED TO 
200 CC. TO 
MAKE INDICA- 
TOR SOLUTION ' 
USED 1 

FINAL 

CONCENTRATION 
OF INDICATOR 

Indicator 

Sodium 1 

0.05 N 
solution 

lydroxide 

Equiva- 
lents per 
mole 
indicator 


1 

Sram 

CC, 


CC, 

per cent 

Cresol red 

0.1 

5.3 

1.0 

16 

0.008 

Phenol red 

0.1 

5.7 

1.0 

15 

0.0075 

Brom cresol purple 

0.1 

4.1 

1.1 

16 

0.008 

Brom cresol green 

0.1 

3.2 

1.1 

32 

0.016 


TABLE 61 

Bicolor Standards or Cresol Red por Urine pH 7.6 to 8.6 


Table for preparation of bicolor standards, with 0,008 per cent cresol red, 0.001 N 
HCl, and 0.01 n NaOH. Cresol red pK^ = 8.22 at 21°. (Based on data of Davis and 
Hastings (11).) 


pHjio 

ALKALI TUBE 

ACID TUBE 

Dye 

Alkali 

Dye 

Acid 


CC, 

CC. 

CC. 

CC, 

7.60 

0.49 

24.60 

2.01 

22.99 

7.70 

0.58 

24.51 

1.92 

23.08 

7.80 

0.69 

24.42 

1.81 

23.19 

7.90 

0.81 

24.31 

1.69 

23.31 

8.00 

0.94 

24.19 

1.56 

23.44 

8.10 

1.08 

24.06 

1.42 

23.58 

8.20 

1.23 

23.92 

1.27 

23.73 

8.30 

1.38 

23.77 

1.12 

23.88 

8.40 

1.51 

23.62 

0.99 

24.01 

8.50 

1.64 

23.49 

0.86 

24.14 

8.60 

1.77 

23.36 

0.73 

24.27 


solution and 7 cc, of redistilled water under oil. During the delivery 
the pipette tip should dip beneath the solution in the tube, so that the 
urine will not stream through air and lose CO 2 . For a control, another 
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plied to whole blood. Although some authors have been successful (see 
p. 913, volume I), it appears certain that the majority of pH estimations 
made by interpolation on the COo absorption curves of whole blood have 
not }delded tenable results. 

When, however, plasma or serum is separated anaerobically from the 
freshly drawn blood and used for the interpolation method the above 
sources, of error, encountered with whole blood, are avoided. Eisenman 
(13) has accordingly been able to apply the gasometric interpolation method 
successfully to plasma and serum. Her method is described in the gaso- 
metric chapter on page 298. 

Van Slyke, Sendroy, and Liu have determined the CO 2 tension of blood 
by equilibrating for a short time a relatively large volume with a small 
bubble of air already in approximate equilibrium with the CO 2 and O 2 
tension of the blood. The final CO 2 tension of the air in the bubble is 
determined by micro gas analysis in the Van Slyke-Neill manometric 
apparatus, and is used to calculate the pH by the Henderson-Hasselbalch 
equation. This method is described on page 309 in the gasometric 
chapter. 

URINE pH. BICOLOR METHOD OF HASTINGS, SENDROY, AND ROBSON (18) 

Reagents 

0.01 N sodium hydroxide and hydrochloric acid, 

0.001 iV hydrochloric acid a7id 0.001 n sodium hydroxide are made by dilu- 
tion from the above. 

0.1 per cent cresol red solution. 

0.1 per cent phenol red solution. 

0.1 per cent hrom cresol purple solution. 

0.1 per cent brom cresol green solution. 

The 0.1 per cent stock indicator solutions are made from the solid dyes 
by dissolving with the aid of the amounts of alkali indicated in table 60 
and diluting to 100 cc. 

As pointed out by Hastings, Sendroy, and Robson (18), chlor phenol red 
is of but limited use, and we have omitted it in the tables. Cresol red, not 
used in the original paper (18) has been added because of its usefulness in 
the higher alkalinities. The pK' of this indicator has been investigated by 
Davis and Hastings (11), who have been kind enough to supply, previous 
to publication, the data on which table 61 for the preparation of cresol red 
standards is based. 
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Procedure 

The urine is collected and kept under oil. As soon...as possible after 
collection, 2 cc. are pipetted into a test tube containing 1 cc. of indicator 

TABLE 60 


Indicator Solutions ror Urine pH 


INDICATOR 

TO MAKE 100 CC. OF STOCK 
SOLUTION 

VOLUME OF ' 
STOCK SOLUTION 
DILUTED TO 

200 CC. TO 
MAKE indica- 
tor SOLUTION 
USED 

FINAL 

CONCENTRATION 

OF indicator 

Indicator 

Sodium : 

0.05 N 
solution 

lydroxide 

Equiva- 
lents per 
mole 
indicator 


gram 

CC. 


CC. 

fer cent 

Cresol red 


5.3 


16 

0.008 

Phenol red 

0.1 

5.7 


15 

0.0075 

Brom cresol purple 


4.1 


16 


Brom cresol green 


3.2 


32 

0.016 


TABLE 61 

Bicolor Standards oe Cresol Red eor Urine pH 7.6 to 8.6 


Table for preparation of bicolor standards, with 0.008 per cent cresol red, 0.001 N 
HCl, and 0.01 n NaOH. Cresol red pK^ = 8.22 at 21 °. (Based on data of Davis and 
Hastings (11)0 


pILi - 

ALIC'tLI TUBE 

ACID TUBE 

Dye 

Alkali 

Dye 

Acid 


cc. 

CC, 

CC, 1 

CC, 

7.60 

0.49 

24.60 

2.01 

22.99 

7.70 

0.58 

24.51 

1.92 

23.08 

■ 7.80 

0.69 

24.42 

1.81 

23.19 

7.90 

0.81 

24.31 

1.69 

23.31 

8.00 

0.94 

24.19 

1.56 

23.44 

8.10 

1.08 

24.06 

1.42 

23.58 

8.20 

1.23 

23.92 

1.27 

23.73 

8.30 

1.38 

23.77 

1.12 

23.88 

8.40 

1.51 

23.62 

0.99 

24.01 

8.50 

1.64 

23.49 

0.86 

24.14 

8.60 

1.77 

23.36 

0.73 

24.27 


solution and 7 cc. of redistilled water under oil. During the delivery 
the pipette tip should dip beneath the solution in the tube, so that the 
urine will not stream through air and lose CO 2 . For a control, another 








Bicoloe. Standards or Phenol Red foe Urine pH 6.7 to 8.2 


Table for preparation of bicolor standards with 0.007.T per cent phenol red, 0.001 n 
HCl, and 0.01 N NaOH. Phenol red pK' = 7.65 at 38°, and 7.78 at 20°. (Hastings, 
Sendroy and Robson (18).) 


PH38“ 

AI.ILA.LI TUBE 

ACID TUBE 

PHjqo 

Dye 

.Alkali 

Dye 

Acid 


cc. 

cc. 

CC. 

CC. 


6.70 

0.25 

24.75 

2.25 

22.15 

6.83 

6.80 

0.31 

24.69 

2.19 

22.81 

6.93 

6.90 

0.38 

24.62 

2.12 

22.88 

7.03 

7.00 

0.46 

24.54 

2.04 

22.96 

7.13 

7.10 

0.55 

24.45 

1.95 

23.05 

7.23 

7.20 

0.65 

24.35 

1.85 

23.15 

7.33 

7.30 

0.77 

24.23 

1.73 

23.27 

7.43 

7.40 

0.90 

24.10 

1.60 

23.40 

7.53 

7.50 

1.04 

23.96 

1.46 

23.54 

7.63 

7.60 

1.18 

23.82 

1.32 

23.68 

7.73 

7.70 

1.32 

23.68 

1.18 

23.82 

7.83 

7.80 

1.46 

23.54 

1.04 

23.96 

7.93 

7.90 

1.60 

23.40 

0.90 

24.10 

8.03 

8.00 

1.73 

23.27 

0.77 

24.23 

8.13 

8.10 

1.85 

23.15 

0.65 

24.35 

8.23 

8.20 

1.95 

23.05 

0.55 

24.45 

8.33 


TABLE 63 

Bicolor St.andards of Broii Cresol Purple for Urine pH 5.6 to 6.9 


Table for preparation of bicolor standards with 0.008 per cent brom cresol purple, 
0.002 N HCl, and 0.01 N NaOH. Brom cresol purple pK^ = 6.09 at 38°, and 6.19 at 20°. 
(Hastings, Sendroy and Robson (18).) 


pHas" 

ALKALI TUBE 

ACID TUBE 

pi'Uo” 



Dye 

Acid 



CC, 

CC. 

CC. 


5.60 

0.61 

24.39 

1.89 

23.11 

5.70 

5.70 

0.72 

24.28 

1.78 

23.22 

5.80 

5.80 

0.85 

24.15 

1.65 

23.35 

5.90 

5.90 

0.99 

24.01 

1.51 

23.49 

6.00 

6.00 

1.12 

23.88 

1.38 

23.62 

6.10 

6.10 

1.26 

23.14 

1.24 

23.76 

6.20 

6.20 

1.40 

23.60 

1.10 

23.90 

6.30 

6.30 

1.55 

23.45 

0.95 

24.05 

6.40 

6.40 

1.68 

23.32 

0.82 

24.18 

6.50 

6.50 

1.80 

23.20 

0.70 

24,30 

6.60 

6.60 

1.91 

23.09 

0.59 

24.41 

6.70 

6.70 

2.01 

22.99 

0.49 

24.51 

6.80 

6.80 1 

2.09 

22.91 

0.41 

24.59 

6.90 

6.90 1 

2.16 

22.84 

0.34 

24.66 

7.00 
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portioa of urine is run into a similar test tube (22 by 175 mm.) with 8 cc. 
of water. After gentle stirring with a footed rod, the unknown solution 
is brought to 38° in a water bath and matched with pairs of standard 
indicator solutions prepared according to tables 61, 62, 63, and 64. To 

TABLE 64 

Bicolor Standards or Brom Cresol Green ror Urine pH 4.0 to 5,8 


Table for preparation of bicolor standards with 0.016 per cent brom cresol green, 0.002 
N HCl, and 0.001 N NaOH. Brom cresol green pK^ = 4.72 at 38° and 20°. (Hastings, 
Sendroy and Robson (18).) 


and 20° 

ALKALI TUBE 

ACm TUBE 

Dye 

Alkali 

Dye 

Acid 


CC. 

CC. 

CC. 

CC. 

4.00 

0.40 

24.60 

2.10 

22.90 

4.10 

0.49 

24.51 

2.01 

22.99 

4.20 

0.58 

24.42 

1.92 

23.08 

4.30 

0.69 

24.31 

1.81 

23.19 

4.40 

0.81 

24.19 

1.69 

23.31 

4.50 

0.94 

24.06 

1.56 

23.44 

4,60 

1.08 

23.92 

1.42 

23.58 

4.70 

1.23 

23.77 

1.27 

23.73 

4.80 

1.38 

23.62 

1.12 

23.88 

4.1)0 

1.51 

23.49 

0.99 

24.01 

5.00 

1.64 

23.36 

0.86 

24.14 

5.10 

1.77 

23.23 

0.73 

24.27 

5.20 

1.88 

23.12 

0.62 

24.38 

5.30 

1.98 

23.02 

0.52 

24.48 

5.40 

2.07 

22.93 

0.43 

24.57 

5.50 

2.14 

22.86 

0.36 

24.64 

5.60 

2.21 

22.79 

0.29 

24.71 

5.70 

2.26 

22.74 

0.24 

24.76 

5.80 

2.31 

22.69 

0.19 

24.81 


allow for the error introduced by the dilution of the urine, 0.10 pH is 
subtracted from the reading.® This corrected pH has been found to be 

® Tf the color readings are made witir the diluted urine at room temperature instead of 
38° the correction is greater. Myers and Muntwyler (30) found that when the readings 
were made with the diluted urine at 25° the following mean corrections were obtained, 
varying somewhat with the indicator used; Phenol red, 0.24; brom thymol blue, 0.20; 
brom cresol purple, 0.20; brom cresol green, 0.22. These amounts are subtracted from 
the colorimetric pH read at 25° to give the electrometric pH at 38°. 

Myers and Muntwyler (30) found that their colorimetric results were somewhat more 
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within 0.05 of the electrometric pH at the same temperature. The 
indicators should be tested as described above on page 790. The read- 
ings are made in a comparator (figure 87) as described on page 799. 

PLASMA pH. HASTINGS AND SENDROv’s (18) BICOLOR MODIFICATION OF 
CULLEn’S (6) METHOD 
Reagents 

0.01 .V sodium hydro.xide. 

0.001 -v hydrochloric acid. 

0.1 per cent phenol red stock solution prepared as described in table 60. 

0.0075 per cent phenol red for standard solutions, made by diluting 15 cc. 
of the 0.1 per cent solution to 200 cc. with redistilled water. 

Adjusted saline phenol red solution for dilution of blood or plasma. This 
solution, which contains per liter 0.154 m NaCl and 0.0000222 m phenol red, 
is prepared as follows: 0.9 gram of NaCl is dissolved in freshly redistilled 
water in a 100-cc. flask. 10.5 cc. of 0.0075 per cent phenol red solution are 
added if the saline is to be used in plasma determinations, 11.0 cc. if it is to 
be used for whole blood. The mkture is then diluted to the 100-cc. mark. 
A 0.154 M solution of NaCl without phenol red is prepared at the same time 
for control tubes. 

The saline solution is adjusted to the approximate blood reaction as 
follows: At the beginning of each experiment, after addition of the phenol 
red, as indicated above, the solution is covered with paraffin oil. 0.01 n 
NaOH is admitted by capillary pipette, with stirring, until the solution 
attains a pH of 7.4 ±0.2. Saline solution should be adjusted in this manner 
the same day that it is used. 

Bicolor standards. Each pH standard is made by measuring from a micro- 
burette into each of a pair of test tubes (22 by 175 mm.) an amount of 
0.0075 per cent phenol red solution indicated by the equation 

TT w 1 alkaline form 

= 7.65 + log — , 


consistently related to the electrometric when they diluted the urine with saline solution 
of known pH instead of distilled water. The saline solution was mixed with indicator, 
and the pH was brought to a definite point by addition of minute amounts of NaOH or 
HCl before the solutions were used. The pH of the indicator ± saline solution varied 
with the indicator as follows: Phenol red, pH 7.4; brom thymol blue, pH 7.2; brom cresol 
purple, pH 6.2; brom cresol green, pH 5.0. These solutions are kept in glass stoppered 
Pyre.^ .bottles. The degree of agreement with electrometric results at 38° when the urine 
is diluted with these saline solutions and the colorimetric reading at room temperature is 
corrected as in the preceding paragraph, appears to be about the same as in the simpler 
Hastings-Sendroy-Robson method, the error being usually within ± 0.05 pH. 
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then diluting to 25 cc. with 0.001 n HCl or 0.01 n NaOH. The amounts 
of indicator solution required are given in table 65. For blood plasma 


TABLE 65 

Bicolor St.a.nd.4rds or Phenol Red for Pl.asma pH 6.7 to 8.0 
pH values at 38° at 0.05 intervals, with corresponding amounts of 0.0075 per cent 
phenol red and 0.01 n NaOH or 0.001 N HCL* (From Hastings and Sendroy (17).) 
Phenol red pK^ = 7.65 at 38°, 


pH 

ALKALt TUBE 

ACID TUBE 

Dye 

Alkali 

Dye 

Acid 


CC. 

CC. 

CC. 

CC. 

6.70 

0.25 

24.75 

2.25 

22. IS 

6.75 

0.28 

24.72 

2.22 

22. IS 

6.80 

0.31 

24.69 

2.19 

22.81 

6.85 

0.34 

24.66 

2.16 

22.84 

6.90 

0.38 

24.62 

2.12 

22.88 

6.95 

0.42 

24.58 

2.08 

22.92 

7.00 

0.46 

24.54 

2.04 

22.96 

7.05 

0.50 

24.50 

2.00 

23.00 

7.10 

0.55 

24.45 

1.95 

23.05 

7.15 

0.60 

24.40 

1.90 

23.10 

7.20 

0.65 

24.35 

1.85 

23.15 

7.25 

0.71 

24.29 

1.79 

23.21 

7.30 

0.77 

24.23 

1.73 

23.27 

7.35 

0.84 

1 24.16 

1.66 

23.34 

7.40 

0.90 

24.10 

1.60 

23.40 

7.45 

0.97 

24.03 

.1.53 

23.47 

7.50 

1.04 

23.96 

1.46 

23.54 

7.55 

1.11 

23.89 

1.39 

23.61 

7.60 

1.18 

23.82 

1.32 

23.68 

7.65 

1.25 

23.75 

1.25 

23 . 75 

7.70 

1.32 

23.68 

1.18 

23.82 

7.75 

1.39 

23.61 

1.11 

23.89 

7.80 

1.46 

23.54 

1.04 

23.96 

7.85 

1.53 

23.47 

0.97 

24.03 

7.90 

1.69 

23.40 

0.90 

24.10 

7.95 

1.67 

23.33 

0.82 

24.17 

8.00 

1.73 

23.27 

0.77 

24.23 


* Originally 0.0001 N PICl was used (17) but Hastings and Sendroy (personal com- 
munication) have since found 0.001 N more practicable. 


determinations only the standards covering the pH range from 7.10 to 7.60 
are usually required, but extreme cases may reach 7.00 or 7.80. 
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After the standards are prepared, 4-cc. portions are transferred to the 
smaller tubes (15 by 100 mm.) used for the serum pH determinations. 
These tubes should have the open ends previously drawn out. After 
transfer of the solutions, the tubes are sealed off. They are kept in the 
dark when not in use. Under these conditions standards have been found 
to remain stable for several months. From time to time they should be checked 
against standard phosphate solutions prepared according to table 70. 

Drawing blood samples 

Two procedures may be used ; one in which the plasma or serum is 
separated before it is diluted with saline indicator solution, and one in 
which the whole blood, oxalated or defibrinated, is directly diluted with 
saline and then centrifuged. This latter procedure, introduced by 
Hawkins (20), may be carried out with the least amount of blood. In 
either case, it is the plasma or serum pH that is estimated. 

With either procedure it is essential to use blood which has not had 
its carbon dioxide content augmented by stasis nor diminished by expo- 
sure to air, and which has not been permitted to form lactic acid in vitro 
by glycolysis. All the precautions (2) described in the section on the 
preparation of blood for gas studies must be observed (see chapter II). 

To prevent possibility of the sudden pHs fall of about 0.03 pH reported 
by Havard and Kerridge (19), and Laug (24), the blood would have to 
be instantly cooled to 0°. This precaution has not, however, been taken 
in obtainiug any of the clmical data in the literature, and is unnecessary 
when the object is to obtain pHs values to compare with those data.^ 


^ Havard and Kerridge (19) with the glass electrode and Laug (24) with the quinhy- 
drone electrode have observed an apparent sudden fall, averaging 0.03 pH, which occurs 
in 6 minutes in shed blood kept at 38°. It apparently occurs before glycolysis has formed 
enough lactic acid to cause such a pH change. The pH fall requires 1.5 to 2 hours to occur 
in blood immediately cooled to 20°, and is inappreciable at 0°. The apparent pH drop 
at 38° is not prevented by sodium fluoride, KCN, thymol, or anticoagulants, and the 
chemical cause is yet unexplained. Gasometric pH determinations, by Hasselbalch’s 
method, do not show evidence of such a pH change, for they have been found to yield CO 2 
tensions agreeing with those of the alveolar air (see ‘'Gasometric pH,” chapter VII) . The 
apparent sudden pH drop in shed blood is therefore at present something of a mystery. 
However, even if it is a genuine pH change, it does not seriously affect the clinical signifi- 
cance of pH determinations on plasma of blood drawn and centrifuged at room tempera- 
ture, since they are to be compared with pH values in the literature arrived at by similar 
technique. Consequently, even though all such pH values should be about 0.03 lower 
than those in the circulating blood, the relative values in health and disease would not be 
greatly affected if subsequent correction by this amount proved necessary. 
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Dihition of plasma atid pH determination at 38° 

Into a small test tube (15 by 100 mm.)) 4 cc. of adjusted saline phenol 
red solution are pipetted under oil. 0.2 cc. of plasma is added and the 
mixture is gently stirred with a footed glass rod. A control tube is pre- 
pared in a similar manner, with plasma and saliue solution, but without 
indicator. The oil in the colored tube is replaced by a layer of low-melt- 
ing paraffin (45°), to prevent escape of COo while the tube is heated to 
body temperature. For the latter procedure, both the tube of plasma + 
dye and the control are immersed in a beaker of water with a temperature 
of about 45°. A thermometer is placed in the control tube. When it 
indicates 39°, both tubes are withdrawn from the bath and the colorim- 
eter reading is carried out as quickly as possible. 

The tubes are placed in a comparator block arranged as in figure 87. 
One should previously place in the row to be occupied by the control tube 
the pair of standard tubes containing acid and alkaline dye in proportions 

U^ht 

Control lobe * 0i ![3|« (UiitepUibe 

Acid tube ♦ iQ' GUaLer tube 

AlkaJinetube » Oi 0< GnknoainCube 

! 

Fig, 87. Arrangement of tubes in comparator for reading colorimetric pH of blood 
by means of the bicolor standards (Hastings and Sendroy (17)). 


to approximate the color which corresponds to the pH expected, 7.35 for 
example. The three tubes are arranged in a row so that the light ob- 
served passes through all of them. In a row with the colored tube of 
plasma + indicator are placed at the same time two tubes of water. If 
the color of the plasma-indicator solution is not matched, another pair of 
standard tubes, for pH 7.30 or 7.40, is substituted, and so on until the 
colors match. If the temperature in the control tube falls below 37° be- 
fore the final reading is made, both the control and the tube with plasma 
+ dye are again warmed to 39° and the readings repeated. The other 
4 tubes are throughout used at room temperature. 

pHs determination on plasma at room temperature with cor- 
rection. It is desirable for maximum accuracy to use the above tech- 
nique, in which the plasma -f saline -h dye solution is brought to 38° for 
the colorimetric reading. In case it is inconvenient to do so, however, an 
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alternative procedure is to make the color comparison with the plasma 
solution at room temperature, and subtract a correction for the effect of 
temperature upon the apparent pH of the saline plasma solution. 

In this case one employs the figures for pH values of the standard 
solutions that are given for pH 2 o° in the right hand column of table 62, 
and subtracts from the result obtained the correction indicated by 
table 66. 

Cullen (6) found that the pH of 20:1 saline solution of human plasma determined at 
20° with phenol red by comparison with phosphate standards was 0.22 higher than the 
pH of the plasma determined by the gas chain method at 38°, and prescribed the subtrac- 
tion of 0.22 pH from the 20° pH as a correction in order to estimate the pH at body tem- 
perature. He found that the correction decreased approximately 0.01 pH for each degree 


TABLE 66 

T.able Eon Correction oe pH Re.4d at t ° to pH at 38°C. When Hastings- 
Sendroy Bicolor Standarbs eoe 20° erom Table 62 are Used 


(°C., 

COSBECTION 

/“C. 

CORRECTION 

18 

-0.230 

27 

-0.185 

19 

-0.225 

28 

-0.180 

20 

-0,220 

29 

-0.175 

21 

-0.215 

30 

-0.170 

22 

-0.210 

31 

-0.165 

23 

-0.205 

32 

-0.160 

24 

-0.200 



25 

-0.195 

38 

-0.130 

26 

-0.190 




temperature rise between 20° and 30°. When, instead of phosphate standards, however, 
the bicolor standards of Hastings and Sendroy (17) for phenol red at 20° (Table 62, right 
hand column) are used there is, with increasing temperature above 20°, a partially com- 
pensatory correction in the opposite direction. This effect amounts to about 0.005 pH 
per 1° temperature increase. It is due to the fact that the pK' of phenol red in the rela- 
tively salt-free solutions used in the bicolor method decreases with rising temperature, 
being 7.78 at 20° and 7,65 at 38°, Hence when the bicolor method is used at room tem- 
perature, with the pH values for 20° given in table 62, the correction changes only 0.005 
pH for each degree of temperature change. 

PLASMA pH, COLORIMETRIC, WITH A SAMPLE OF WHOLE BLOOD. 

HAWKINS (20) 

Instead of 0.2 cc. of plasma or serum, 0.4 cc. of whole blood is taken as 
a sample. It is run under 4 cc. of the adjusted saline solution which 
contains 11 cc. of 0.0075 per cent phenol red solution per 100 cc. The 



BICOLOR METHODS WITH HASTINGS COLORIMETER 


801 


mixture is stirred under oil, the oil is replaced by a layer of paraffin and 
the tube is centrifuged. A control tube of blood-saline mixture is pre- 
pared in the same way, except that the indicator and paraffin are 
omitted. Both tubes are warmed to 39°, with precautions to avoid 
stirring up the layer of cells in the bottom of each. The pH readings 
should then be made, as described above, no later than one-half hour 
after centrifugation. 

BICOLOR pH DETERMINATIONS WITH THE HASTINGS-DUBOSCQ COLORIMETER 
{Personal communication front A . Baird Hastings) 

In order to make possible pH determinations with the optical refinements 
of a colorimeter, Myers in 1922 (29) adapted the Hellige colorimeter to use 
with indicator solutions. The Myers bicolorimeter was successfully used 
in studying the pH of the blood (32, 31) and urine (30). Wedges containing 
the acid and alkahne forms of the indicator are used, and a third wedge is 
available which enables one, when necessary, to insert behind the indicator 
solutions a layer of the unknown solution in order to counterbalance any 
color or turbidity of its own. If the authors fail to describe the Myers 
apparatus, it is not for lack of appreciation of its utility, but because they 
must admit a prejudice in favor of the Duboscq type of colorimeter, which 
has been applied to the same use by Wu (43) and Hastings. The Duboscq 
is, we believe, an instrument with which exact color comparisons are some- 
what more easily obtained, and in pH determinations it permits one to 
calculate results theoretically from the measured thicknesses of the alkaline 
and acid indicator layers, whereas the Hellige colorimeter requires the use 
of an empirical curve for each indicator. 

In order to adapt the Duboscq to pH determinations Wu (43) in 1923 
attached an additional movable cup to one side of the colorimeter, so that 
the observer could look through two solutions (the acid and alkaline indi- 
cator) and adjust at will the depths of each. As in the Myers apparatus, 
not only were the refinements of a colorimeter rendered available, but the 
necessity of making numerous standard solutions of the indicators was 
avoided. Only one acid and one alkaline solution of each indicator was 
required. 

To make the Duboscq instrument available for bicolor pH determinations 
in liquids like blood plasma, where the color of the liquid itself necessitates 
placing a layer of it in series with the standard dye solutions, Hastings 
added to the Wu instrument the two auxiliary cups, H and H' , shown in 
figure 88. In one of these cups is placed the control solution of plasma 
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VTithout dye, while in the other is placed the plasma solution with dye. The 
cups E and^i?' are set into a metal water jacket (not shown in the 



diagram of figure 88) through which a circulation of water can be maintained 
to keep the temperature in E and E' at 38° if desired.® These cups are 

• The Hastings apparatus is manufactured by the Bausch and Lomb Optical Company 
of Rochester, New York. 
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closed by glass covers, so that no CO 2 can escape from plasma or urine 
during a determination. 

Reagents 

The reagents required are those listed above for the determination of 
pH in urine and plasma. The same indicators detailed in table 60 are used 
for urine. 

The standard tubes with measured amounts of dye solutions listed in 
tables 61, 62, 63, and 64 for urine and 65 for plasma are not needed with 
the colorimeter. 


Procedure 

The mixture of urine and water solution of indicator, or of plasma and 
saline solution of indicator, is made as described for the preceding 
methods, and is transferred without any oil to cup //, which is at once 
covered with the glass stopper. The control solution of urine or plasma 
without indicator is placed in cup H' and covered with the stopper. 

For plasma pH cup F' is half filled with 0.001 n HCl and 0.0075 per 
cent phenol red in the proportions 9:1, and cup E' is half filled with 0.01 
N NaOH and 0.0075 per cent phenol red in the same proportions. For 
urine pH the acid and alkaline dye solutions are similarly arranged. 
Cups F and E on the other side are half filled with water. 

Cups F and F' are raised till their common pointer is on the l5-mm. 
mark of their scale. Then when E' is set also at its 15-mm. mark, as 
shown in figure 88, the light passes through 15 mm. of alkaline dye solu- 
tion and none of the acidified dye solution. As E' is raised a layer of 
acid solution forms under it, while the layer of alkaline solution under 
the plunger in E' becomes more shallow. 

Cup E' is moved up and down until a color match is obtained. The 
position of cup E is immaterial. 


Calculation 


pH = pK' T log 


reading of cup E' 

15 — (reading of cup E') 


The values of pK' for the different indicators are given in the headings 
of tables 61, 62, 63, 64, and 65. 

If the readings are taken with the diluted plasma at room temperature 
calculations are made with pK' of 7.78 for phenol red. From pH values 
thus calculated the corrections given above in table 66 are subtracted in 
order to estimate pHs at 38°. 
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MICRO METHOD OF SHOCK AND HASTINGS FOR COMBINED DETERMINATION 
OF PLASMA pH AND TOTAL CO2 IN 0.1 CC. OF BLOOD (35)® 

Shohl (36) and Shock and Hastings (35) have independently devised 
micro methods in which small samples of plasma or blood are diluted in 
special pipettes in which the pH of the solution can be determined colori- 
metrically, and from which the solution can be transferred to the chamber of 
the Van Slyke-Neill manometric blood gas apparatus for determination 
of COo. 

The method of Shock and Hastings will be described here, since it uses 
even less material than that of Shohl, and includes a determination of the 
cell volume in the blood. In the special pipette shown in figure 89 0.1 cc. 
of whole blood is measured, diluted 20-fold with neutral saline solution, 
and centrifuged. The pH is then read in the clear supernatant solution in 
the broad upper portion, as in Hawkins’ method (p. 800). The blood 
together with the saline that has been used to dilute it is then transferred to 
the manometric blood gas apparatus and the CO 2 content is determined by 
the micro technique of Van Slyke and Neill. Blood with 50 volume per 
cent of CO 2 gives on analysis about 72 mm. of CO 2 pressure to read; the 
analysis is accurate to about 1 volume per cent or 0.4 mM. of CO 2 , which 
suffices for nearly all studies of factors affecting the acid-base balance. 

Apparatus 

The apparatus is shown in figure 89. The pipette consists of a lower stem 
of about 1-mm. bore, a bulb of about 11-mm. inner diameter, and an upper 
stem of about 1-mm. bore. The lower stem is calibrated to contain (not 
to deliver, see calibration in chapter I) 0.1 cc., and is divided into 0.01-cc. 
divisions. It is essential that the bulb be made of the same kind of glass 
as the tubes containing the Hastings-Sendroy bicolor pH standards. The 
pipettes are made in Hastings’ laboratory by sealing 0.2-cc. serological 
pipettes to test tubes similar in glass and diameter to those used for pH 
standards. The end of the test tube opposite the sealed on pipette is then 
drawn down to the capillary on which the 2-cc. mark is placed. The sero- 
logical pipette is cut off at the 0.1-cc. mark and the end is beveled as shown 
in figure 89 by grinding. The pipette is accurately calibrated at 0.1 and 
2 cc. by weighing the amount of mercury which the dry pipette holds. For 
closing the pipette during centrifugation large rubber bands are used.^ 

® The writers are indebted to Shock and Hastings for a somewhat more complete de- 
scription of their method than that contained in the original publication (35). 

^ Pipettes of the design described may be obtained from the A. H. Thomas Company 
of Philadelphia. For the rubber bands Eberhard Faber No. 84 are satisfactory. 
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For collecting the blood obtained by skin puncture a conical receiving 
vessel (fig. 89) is made by sealing off the stem of a l^-inch funnel. 

A comparator block (C, fig. 89) is used which is the same in principle as 
that shown in figure 87. In order to hold the Shock-Hastings pipettes, 
however, the holes across one row are drilled clear through the block, so 
that the graduated stems of the pipettes may extend through, permitting 
the bulbs to rest at the same levels as the tubes with standard indicator 
solutions. For convenience it is desirable to place the comparator block 
on legs. 



Vc and 

C“ Com-paratoi' iilocR for reading 
pHs vith. Hastings-Scndccy hi- 
Goloc 3taadacd9,vith a pipette 
in place . 

Fig. 89. Apparatus of Shock and Hastings for combined micro-colorimetric deter- 
mination of pH and gasometric determination of CO 2 of blood. 

Reagenis 

1. Adjusted saline phenol red solution. This is prepared as described on 
page 796 for the Hastings-Sendroy method, and the pH is adjusted to 7.4 
immediately before use. 

2. Indicator-free saline solution {0.154 m). Nine grams of NaCl are dis- 
solved without phenol red in a liter of water, for the control tubes. 

3. Neutral paraffin oil. 
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4. Paraffin oil saturated 'with a gas mixture of 5 per cent CO 2 and 95 per 
cent O 2 . 

5. 0.5 per cent potassium oxalate solution. Five grams of pure neutral 
potassium oxalate are dissolved in distilled water and made up to a liter. 
Extreme care must be used to obtain oxalate that contains neither carbonate 
nor free acid. CO 2 analyses should be made on 5 cc. portions of the oxalate 
solution and on the distilled water used in its preparation. The pH of the 
oxalate should be approximately 7.4. 

6. Lactic acid, approximately 0.1 N solution. Ten cubic centimeters of 
of concentrated lactic acid of 1.20 specific gravity are diluted to 1 liter. 

7. Sodium hydroxide, 5 n solution (see p. 233). 


Procedure 

Preliminary preparations. Receivers for the blood are prepared 
by adding 0.2 to 0.3 cc. of the 0.5 per cent potassium oxalate solution to 
each sealed funnel and evaporating off the water at room temperature. 

Sufficient saline phenol red solution for the number of analyses to be 
run during the day is first brought to pH 7.4. 

Collection of sample. Paraffin oil saturated with 5 per cent CO 2 — 
95 per cent O 2 gas mixture is placed in one of the oxalate-containing con- 
ical receivers shown in figure 89. A finger is pricked and stuck into the 
oil, so that the blood collects in the bottom of the receiver without having 
been exposed to air. If necessary the finger may be gently pressed to 
accelerate the flow of blood. Six to 12 drops of blood are collected and 
are stirred thoroughly to dissolve the oxalate and prevent clotting. 

Filling the pipettes. The pipettes are filled to the 0.1-cc. mark with 
the blood. Care must be exercised to prevent oil globules from being 
drawn up into the pipette with the blood. To prevent the entrance of oil 
into the pipette while it is inserted through the oil a slight positive air 
pressure is maintained on the rubber tube at the end of the pipette, so 
that a little air is being forced out of the pipette tip as the latter passes 
through the oil. After the pipette tip has entered the blood the latter is 
drawn up into the capillary until slightly past the 0.1-cc. mark. The 
pipette is then removed from the funnel and held in a horizontal position 
while blood is withdrawn from the tip by absorption onto a clean towel 
until the upper end of the blood column in the capillary falls exactly to 
the 0.1-cc. mark. Then phenol red saline solution, previously brought 
to pH 7.4, is drawn up into the pipette until the latter is filled to the 2-cc. 
mark. Three or 4 pipettes are filled from each sample of blood. In 
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addition one control pipette is prepared in which the 0.1 cc. of blood is 
diluted with indicator-free saline soluton instead of the phenol red 
saline solution. 

Determining the volume per cent of cells in the blood. The 
tip of each pipette is covered with a bit of adhesive tape which is held 
on by a rubber band as shown in figure 80,5, and is centrifuged for one 
hour at about 2500 revolutions per minute. The per cent of cells is read 
on the scale of the capillary, as in a hematocrit. 

Reading the pH. The pH is determined by the bicolor method of 
Hastings and Sendroy described on pages 799 to 800. The control 
pipette prepared with uncolored saline solution is used to balance the 
yellow color due to the plasma. It is desirable to prepare a control 
pipette for each plasma, since the depth of color in different plasmas may 
vary considerably. If the reading is made with the dye-plasma- 
saline solution at room temperature instead of 38°, the pH at 38° is 
estimated as described under ‘pH, determination on plasma at room 
temperature with correction,” on page 799, for the Hastings-Sendroy 
method. 

Determination otCOz in saline blood mixture, 2.5 cc. of 0.1 n 
lactic acid and 1 drop of caprylic alcohol are extracted for 2 minutes 
in the chamber of the Van Slyke-Neill manometric apparatus to remove 
the dissolved gases. The extracted solution, together with about 2 cc. 
of mercury is run up into the cup above the chamber (see fig. 35, p. 270). 
The rubber cap is then removed from the pipette and its tip is placed 
firmly against the bottom of the cup : the pressure of the mercury pre- 
vents the solution from emerging from the pipette tip.® The stop-cock 
of the Van Slyke-Neill chamber is then slowly opened and the contents 
of the pipette are run into the chamber without admission of air 
(see fig. 52, p. 344). The pipette is rinsed twice by drawing portions of 
the extracted lactic acid solution up into it and delivering the solution 
into the chamber. The mercury and the rest of the lactic acid are 
then run into the chamber. The stop-cock of the latter is sealed with 
mercury, and the CO 2 is determined as described for micro analyses on 
page 285 of the gasometric chapter. The manometer reading pi is taken 
with the extracted gases at 0.5-cc. volume, and ps is taken after the CO 2 
has been absorbed with 0.2 or 0,3 cc. of 5 n sodium hydroxide solution. 

» If the tip of the pipette has been ground to fit fairly closely the bottom of the cup of 
the manometric chamber, it will not be necessary to fit a rubber ring about the tip of the 
pipette. Otherwise it may be necessary to use such a ring, as shown in figures 29 and 30 . 
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A control analysis is performed on 2 cc. of the saline phenol red 
solution, measured into the chamber of the gas apparatus from an or- 
dinary 2-cc. blood pipette (see figs. 29 and 30 on page 240). The same 
volumes of distilled water and 1 n lactic acid are used. The value of 

TABLE 67 

Factors tor Calculation of CO2 Content of Whole Blood in Micro Analysis of 

Shock and Hastings 


Factors by which PcOi is multiplied to calculate the CO 2 content of whole blood 
analyzed in the micro determination of Shock and Hastings. Sample = 0.1 cc. 5 = 
4.5 cc. a = 0.5 cc. i = 1.037. 


TEitPERATURE 

FACTORS BY WHICH MULTIPLIED TO GIVE CO2 CONTENT 

OF BLOOD in: 

°c. 

millimoles per liter 

■dol. per cent 

15 

0.320 

0.714 

16 

18 

09 

17 

16 

04 

18 

14 

01 

IQ 

12 

0.698 

20 

11 

92 

21 

09 

89 

22 

07 

85 

23 

05 

81 

24 

04 

77 

25 

02 

73 

26 

00 

70 

27 

0.299 

66 

28 

97 

62 

29 

96 

59 

30 

94 

56 

31 

92 

52 

32 

90 

47 

33 

89 

44 

34 

87 

40 


the pressure difference, pi-pi obtained in the control analysis consti- 
tutes the c correction for the reagents. 

Calculation of the CO% content of the blood. The pressure, PcOi, of the CO 2 
extracted from the blood and measured at 0.5-cc. volume is calculated as 


■^co, ~ — c 
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The CO 2 content of the blood is obtained by multiplying Pco 2 proper 
factor in table 67. 

Data obtainable by the method of Shock and Hastings. Direct determina- 
tions are obtained of: 1, the volume per cent of cells in the blood; 2, pH^ at 
38°, and, 3, the total CO2 content of the whole blood. From these data 
one can obtain: 4, by means of the line chart of figure 39 (p. 287) the CO2 
content of the plasma; and by the chart on figure 41 (p. 294), 5, the CO2 
tension and, 6, BHCO3 content of the plasma. 

COLORIMETRIC PLASMA pH. CULLEN’s ORIGINAL METHOD BY COMPARISON 
WITH PHOSPHATE STANDARDS (6) 

The bicolor standards employed in the preceding methods have advan- 
tages which ordinarily make their use a procedure of choice for plasma pH. 
In case, however, the available phenol red proves not sufficiently pure to 
give correct pH values when compared with standard phosphate solutions, 
it will be necessary to return to Cullen’s original method and compare 
the color of plasma + saline -f dye with the color of phosphate + dye 
solutions of known pH, given in table 70. It may also be convenient to 
use this procedure when only a few plasma pH determinations are to be 
done, and the phosphate standard solutions are already prepared, but the 
series of bicolor dye standard solutions is not. 

Reagents 

Saline solution without indicator. 0.9 per cent sodium chloride. 

Saline phenol red sohition of pH 7.4. To 100 cc. of 0.9 per cent NaCl 
solution add 35 drops of 0.03 per cent phenol red solution. Then add 0.01 
N NaOH solution, as described for the saline phenol I’ed in the Hastings- 
Sendroy method, until the pH is 7.4. The pH is tested by pouring a 
portion of the solution into a test tube and comparing the color with that 
of 15 cc. of a phosphate standard solution of pH 7.4 to which have been 
added 5 drops of 0.03 per cent phenol red. After the solution has been 
brought to pH 7.4 it is covered with a layer of paraffin oil. The solution 
must be made the same day it is used. 

0.03 per cent phenol red. Three cubic centimeters of the stock 0.1 per 
cent solution described in table 60, p. 793, are diluted with water to 
10 cc. 

Sorensen’s standard phosphate solutions. These are prepared for the pH 
range 7.0 to 7.8 as indicated in table 70. It is essential that KH2PO4 and 
Na 2 HP 04 prepared especially pure for pH standards be used. Merck’s 
preparations made according to Sorensen’s directions have proven satis- 
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factory. If Na 2 HP 04 with water of crystallization instead of the anhydrous 
salt is used a larger amount must be taken: instead of 9.47 grams of 
NaHP 04 , 11.87 grams of Na 2 HP 04 -21120 are required. The stock solu- 
tions, if kept cold in hard glass vessels closed to keep out atmospheric CO 2 
(and in some cities SO 2 ) may, if free from mold, remain unchanged for 
several weeks. 

For the determinations 15-cc. portions of the phosphate solutions are 
placed in the test tubes, and 5 drops of 0.03 per cent phenol red are added 
to each. The tubes are kept stoppered. If placed in an ice box when not 
in use they remain unchanged for two or three days, although even this 
degree of stability can not be assumed without tests. To be entirely certain 
of these standards one must make them fresh every day. 

Apparatus 

The same test tubes and comparator block shown in figure 87 may be 
used. In the present case, however, two rows of holes suffice in place of 
the three required when the bicolor standards are used. 

Procedure 

Twenty cubic centimeters of the saline phenol red solution are placed 
in one of the test tubes and covered with a layer of paraffin oil; 1 cc. of 
the plasma is run under the oil into the saline solution. A 1-cc. bulb 
pipette calibrated to deliver between two marks is more convenient to 
use than one calibrated for complete delivery, as it is not easy to obtain 
complete delivery with the pipette tip under the oil layer. Plasma and 
saline solution are mixed by a minimum of gentle stirring with a rod 
introduced through the oil. 

A control tube is prepared by mixing 20 cc. of the uncolored saline 
solution with 1 cc. of the same plasma. 

The tube of plasma + saline -{- dye is placed in the comparator, and 
beside it the standard tube which appears most similar in color. Be- 
hind the standard tube is placed the control tube of plasma uncolored 
saline solution. The standard tube is changed until a standard is found 
which matches the plasma -f dye tube, or until the color of the latter is 
located between two of the standards. With standards at intervals of 
0.05 pH it is possible to estimate the pH of the plasma solution with a 
constancy of 0.02 pH, although the error in pathological plasma may 
be greater because of variations in the correction discussed below. 

Calctilation of pHs at 3S° from Cullen pH determined at room temperature. 
Cullen found that normal human plasma handled in the above manner at 
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20° gave pH values 0.22 unit higher than he found in the same plasma 
at 38° by the standard hydrogen electrode method. Consequently 0.22 
is to be subtracted from plasma pH values obtained at 20° in order to 
obtain the actual pH^ at 38°. 

In case the room temperature was raised above 20°, Cullen found that 
the correction, between 20° and 30°, decreased by 0.01 pH for each 1° 
increase in temperature. The correction necessary in order to change pHs 
values obtained at room temperature f to pH^ at 38° is therefore calcu- 
lated as 


Correction = 0.42 — 0.01 t 

where t is the temperature centigrade. This correction is stibtracied from 
the pH found at room temperature t\ e.g., if pH of 7.56 is read at 22°, the 
correction is 0.42 — 0.22 = 0.20. The pHj at 38° therefore is 7.56 — 
0.20 = 7.36. 

For plasmas from blood of other species the corrections are different, viz,, 
at 20°, for the rabbit 0.17; horse, 0.12; dog, 0.35. Bennett (3a) found that 
in the dog the correction was variable, especially after hemorrhage, the 
range of variation being from 0.40 to 0.19 pH. Bennett also found that 
warming dog plasma to 38°, as in the Hastings-Sendroy method, did not 
completely abolish the correction, although it diminished it. 

Although the Cullen average correction of 0.22 pH at 20° holds quite 
constantly for normal human plasma Austin, Stadie, and Robinson (3) 
have found that the correction in some pathological plasmas varies consider- 
ably from this figure. They therefore propose that in such plasmas the 
correction be determined in each individual case by saturating at 38° a 
portion of plasma with air containing CO 2 at known tension, preferably 
about 40 mm., and determining the CO 2 content of the saturated plasma. 
The technique for saturating plasma with gas of known CO 2 tension is 
described on page 302 of chapter VII. From the CO 2 tension and the CO 2 
content the pH is calculated, either by Hasselbalch’s equation (seep. 308) 
or, more simply, by the line chart in figure 41 (p. 294), On another sample 
of the same saturated portion of plasma the colorimetric pH is determined 
with the plasma at room temperature, as above described. The difference 
between the two pH values is the correction for the plasma of that individual. 

The correction can, even more accurately, be determined by comparison 
of colorimetric pH with pH determined by the hydrogen electrode. In this 
case a portion of the plasma is saturated at 38° with hydrogen .containing 
about 5.5 per cent of CO 2 . In one portion the pH is determined at 38° 
with the gas electrode, the same hydrogen-C02 mixture being used* in the 
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TABLE 68 

Indicators Selected foe Use in Titration and the Preparation of Color 
Standards. Data Taken Mostly from Clark (5) 


common name 

RANGE 

COLOR CHANGE ACID TO 
ALKALINE 

FORM IN WHICH INDICATOR IS 
PREPARED FOR USE 

0.01 N 
NaOH PER 
0.1 GRAM 
INDICATOR 
roR Na 

SALT 

Thymol blue (acid 

1.2-2. 8 

Red-yellow 

Water solution, Na salt 

cc. 

21.5 

range) 

Tropaeolin 00 

1.4-2. 6 

Red-yellow 

0 . 1 per cent 

Water solution, 0.02 per 


Dimethyl amino- 
azo-benzene 

3-4 

Red-yellow 

cent 

Alcohol solution, 0.5 per 
cent 


Brom phenol blue 

3. 0-4. 6 

Yellow-blue 

Water solution, Na salt 

14.9 

Methyl orange 

3. 1-4. 4 

Red-yellow 

0. 1 per cent 

0.1 per cent solution in 50 


Congo red 

4-5 

Blue-red 

per cent alcohol 

Alcohol solution, 0.5 per 


Brom cresol green 

3. 8-5. 8 

Yellow-blue 

cent 

Water solution, Na salt 

14.3 

Methyl red 

4. 2-6. 4 

Red-yellow 

0.1 per cent 

Alcohol solution, 0.05 per 


Alizarin, Clark (5) 

5.5-6. 8 

Yellow-red 

cent 

Water solution, Na salt 


Index No. 166 
Brom cresol purple 

5. 2-6. 8 

YeUow-purple 

0 . 1 per cent 

Water solution, Na salt 

18.5 

Litmus paper 
Brom-thymol-blue 

About 7 
6. 0-7. 6 

Red-blue 

Yellow-blue 

0 . 1 per cent 

Water solution, Na salt 

16.0 

Neutral red 

6. 8-8.0 

Red-yellow 

0 . 1 per cent 

0.1 per cent solution in 


Phenol red 

6. 8-8. 4 

Yellow-red 

50 per cent alcohol 
Water solution, Na salt 

28.2 

Cresol red 

7. 2-8. 8 

Yellow-red 

0 . 1 per cent 

Water solution Na salt 

26.2 

Cresolphthalein 

8. 2-9. 8 

Colorless-red 

0 . 1 per cent 

Alcohol solution, 0.05 per 


Phenolphthalein 

8.3-10.0 

Colorless-red 

cent 

1 per cent solution in SO 


Thymol blue (alka- 

8. 0-9. 6 

Yellow-blue 

per cent alcohol 

Water solution, Na salt 

21.5 

line range) 



0 . 1 per cent 



electrode. In another portion the colorimetric pH is determined at room 
temperature or 20° by CuUen’s method. The difference is the correction. 
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This is the technique for determining the correction which was used by 
Cullen (6). 

Urine pH determinations can also be done with acetate and phosphate 
monocolor standards (tables 69 and 70) in place of the bicolor standards 
previously described. The corrections required when the determinations are 
made at room temperature have been given in table 66. 


TABLE 69 

Walpole’s Acetate Buffer Mixtures foe pH 3.6 to 5.8 
Walpole’s 0.2 n acetate buffer mixtures. 0.2 n sodium acetate; 27.22 gm. of sodium 
acetate, NaC 2 H 302 ,- 3 H 20 diluted to a liter. 0.2 n acetic acid; approximately 11.3 cc. of 
99 per cent glacial acetic acid diluted to a liter. Standardixe against 0.1 N sodium hy- 
droxide, with phenolphthalein as indicator. From Walpole (41). 


pH 

0.2 N SODIUM ACETATE 

0.2 N ACETIC ACID 


CC. 

CC. 

3.6 

7.5 

92.5 

3.8 

12.0 

88.0 

4.0 

18.0 

82.0 

4.2 

26.5 

73.5 

4.4 

37.0 

63.0 

4.6 

48.0 

52.0 

4.8 

59.0 

41.0 

5.0 

70.0 

30.0 

5.2 

79.0 

21.0 

5.4 

86.0 

14.0 

5.6 

91.0 

9.0 

5.8 

94.0 

6.0 


DIALYSIS METHOD FOR THE pH OF BLOOD. DALE AND EVANS (10). 
MODIFICATION OF LEVY, ROWNTEEE, AND MARRIOTT’S 
METHOD (25) 

Reagents 

0.85 per cent NaCl in freshly boiled redistilled water. 

0.02 per cent neutral red solution. 

Ten per cent collodion in alcohol-ether. 

M/15 solution of Na^HPOi plus 1/50 volume of 0.1 per cent neutral red 
(see tables 68 and 70). 

M/15 sohition of KEiPOi plus 1/50 volume of 0.1 per cent neutral red 
(see tables 68 and 70). 
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Fig. 90. Section of dialyzer, A, and comparator chamber, B and C, of Dale and Evans 
(10) for the colorimetric determination of pH, with dialyzer and comparator vessel filled 
for a determination. 

Comparator tubes are made from glass tubing with an external diameter of 14 mm 
and an internal diameter of 1 1.5 mm., cut in pieces 40 mm. long. To the ends, which are 
ground flat, circular discs, cut from microscope slides of white glass, are cemented with 
Canada balsam. 

Vulcanite membrane holder, turned from a single piece of vulcanite, is shown in 
solid black. It has an upper orifice that can be closed with a rubber stopper and a 
poove near the lower end to facilitate attachment of the membrane. Near the upper end 
IS a wide flange, the under surface of which is deeply grooved. The upper and outer sur- 
faces of this groove fit closely the glass tube, while the inner surface remains far enough 
from the inner surface of the tube to receive the membrane and the ligatures which hold it 
in place. The dialyzing membrane is made, from 10 per cent collodion in alcohol ether, 
of such a size that when it is full it occupies all but about 1 cc. of the space in the glass 
tube. ^ 

The comparator is a small box with blackened interior, perforated on top by two holes, 
placed close together, which receive the comparator vessels. The lower portion of the 
front wall of the box is open to admit light, which is reflected up through the tubes by a 
sheet of opal glass placed at an angle of 45 degrees. Around the top of the box is a black- 
ened screen to exclude light from- above. 
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Procedure 

The essential apparatus (see fig. 90) consists of a flat-bottomed cylin- 
drical vessel into which a tubular dialyzing membrane fits loosely. 
The membrane is tied on to the vulcanite holder which has a groove cut 
round it for this purpose. The vulcanite holder fits closely over the 
glass vessel by means of the wide thick flange, the under surface of 
which is cut into a deep angular groove. The finished dialyzing mem- 
brane, made from the collodion mixture, is of such size that 1 cc. of fluid 
nearly fills the space between the sack and the vessel. 

One cubic centimeter of 0.85 per cent NaCl solution is placed in the 
vessel, A . The moist membrane sack, attached to its holder, is lowered 
into the vessel and a pinch of powdered carbonate-free potassium oxa- 
late dropped into it. The sack is steadily filled from b elo w upwards with 
blood until the vessel is filled, when the stopper is inserted. Dialysis is 
allowed to proceed for ten to fifteen minutes. 

The membrane is removed, and 0.1 cc. of 0.02 per cent neutral red 
solution is added to the dialysate, which is then covered with paraffin 
oil to prevent loss of CO2 and consequent increase of pH. In a tube 
similar to that containing the dialysate is placed a similar, accurately 
measured, volume of phosphate-neutral red solution, made up according 
to table 70 to have about the pH expected in the dialysate. Ordinarily 
a mixture of 80 parts of Na2HP04 and 20 parts of KH2PO4 solution 
will be used, with a pH of 7.38. The colors in the two tubes are com- 
pared. To the standard tube is added, from a micro burette (see 
figure 1), more of either Na2HP04 + neutral red or KH2PO4 + neutral 
red solution, until the colors in the two tubes match. The tubes are 
viewed from above, by transmitted light entering from the bottom, 
as shown in figure 90 C. 

When the colors match, the molar percentage of the total phosphate 
in the form of Na2HP04 is calculated as the ratio, 

100 X cc. ITa2HP04 
cc. Na^HPOi + cc. KH2PO4 


From this value the pH is ascertained by reference to the second column 
of table 70. If many determinations are to be done, it is convenient 
to plot the values of this coluinn against pH values, as in figure 42, 
but on a larger and more accurate scale. The curve thus obtained 
can conveniently be used for graphic interpolations of pH values from 
observed phosphate ratios. 
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TABLE 70 

SoREJfSEN’s ie/15 Phosphate Mixtures for 5.8 to 8.2 


m/15 primary phosphate, 9.08 grams K.H2PO4 per liter. m/1o secondary phosphate, 
9.47 grams Na2HP04 (anhydrous) per liter. From Sorensen (37). 


pHjQO 

^ Na2HP04 

Id 

^ KH 2 PO 4 

ID 


cc. 

CC, 

5.8 

8.0 

92.0 

5.9 

9.0 

90.1 

6.0 

12.2 

87.8 

6.1 

15.3 

84.7 

6.2 

18.6 

81.4 

6.3 

22.4 

77.6 

6.4 

26.7 

73.3 

6.5 

31.8 

68.2 

6.6 

37.5 

62.5 

6.7 

43.5 

56.5 

6.8 

49.6 

50.4 

6.85 

52.5 

47.5 

6.90 

55.4 

44.6 

6.95 

58.2 

41.8 

7.00 

61.1 

38.9 

7.05 

63.9 

36.1 

7.10 

66.6 

33.4 

7.15 

69.2 

30.8 

7.20 

72.0 

28.0 

7.25 

74.4 

25.6 

7.30 

76.8 

23.2 

7.35 

78.9 

21.1 

7.40 

80.8 

19.2 

7.45 

82.5 

17.5 

7.50 

84.1 

15.9 

7.55 

85.7 

14.3 

7.60 

87.0 

13.0 

7.65 

88.2 

11.8 

7.70 

89.4 

10.6 

7.75 

90.5 

9.5 

7.80 

91.5 

8.5 

7.90 

93.2 

6.8 

8.0 

94.7 

5.3 / 

8.1 

95.8 

4.2 

8.2 

97.0 

3.0 


Subtract 0.03 for pH at 38°. 


Lindliard (26) for determining the pH of the dialysate, reverted to the 
usual colorimetric pH technique, which had been employed also by Levy, 




GASOMETRIC PLASMA pH 


817 


Rowntree, and Marriott (25), using phenol red as indicator, viewing the 
tubes from the side, and comparing the dialysate with a series of phosphate 
standards prepared according to table 7U. 

Remarks 

Besides the observational error and the error that may be involved in 
making the reading with the solutions at room temperature instead of body 
temperature. Van Slyke, Wu and McLean (40) have calculated that when 
serum (or blood) is dialyzed against a solution of approximately the same 

TABLE 71 

Clark’s (5) 0.2 m Eoraxe Buffer Mixtures for pH 7.8 to 10 
0.2 M boric acid and 0.2 m potassium chloride. 12.405 grams H3BO3 + 14.912 grams 
KCl per liter. 0.2 M sodium hydroxide, from concentrated CO2 free alkali (5). 


pH 

0.2 M HjBOj + 0.2 M KCl 

0.2 M NaOH 


CC. 

CC. 

7.8 

50 

2.65 

8.0 

50 

4.00 

8.2 

50 

5.90 

8.4 

50 

8.55 

8.6 

50 

12.00 

8.8 

50 

16.40 

9.0 

50 

21.40 

9.2 

50 

26.70 

9.4 

50 

32.00 

.9.6 

50 

36.85 

9.8 

50 

40.80 

10.0 

50 

43.90 


Dilute to 200 cc. with water in each case. 


salt concentration, one may expect, as a result of the Donnan effect, a pH 
in the salt solution about 0.02 greater than in the serum. A similar cor- 
rection was estimated by Taylor (39) from the potential difference between 
the fluid in the sac and the saline solution outside. One should therefore 
subtract 0.02 from the pH reading obtained in the dialysate. 

GASOMETRIC PLASMA pH DETERMINATION 

The principle of these procedures has been outlined in the introduction 
to this chapter. The techniques of the method of Eisenman, based on 
interpolation of the CO 2 content of serum on the serum CO 2 absorption 
curve, and of the method of Van Slyke, Sendroy, and Liu, based on estima- 
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tion of the CO 2 tension in a bubble of air equilibrated with a sample of 
fresh whole blood, are described on pages 298 and 309 of chapter VII. 
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BiCAJiBONATE 

DISCUSSION 

Of the various analytical procedures for determining bicarbonate, two 
have proven their practical applicability to physiological fluids. 

The gasometric method is probably the one which is at present in most 
general use. The total CO 2 content of blood or urine is determined, and 
from it the fraction present as BHCO3 is calculated, either from the pH by 
the Henderson-Hasselbalch formula, or by subtracting the H 2 CO 3 estimated 
from the observed CO 2 tension. These procedures have been described on 
page 292 of chapter VII. 

For titration of bicarbonate the procedure used in ordinary inorganic 
analysis is to add standard hydrochloric or sulfuric acid until an end-point 
is reached with an indicator like methyl orange, at a pH below 4, where the 
acidity is so high that all quantitatively significant portions of the CO 2 
are in the form of free carbonic acid. When buffers other than bicarbonate 
are present in significant amounts, however, this method can not be used, 
because the other buffers would neutralize part of the added acid. In most 
physiological fluids such buffers are present, notably the phosphates and 
salts of organic acids in urine, and the proteins in blood plasma. 

In order to titrate accurately the bicarbonate of such fluids it is necessary, 
as a net result of the operation, to transform the BHCO3 into the salt of 
the acid used in the titration, and to have as the end-point the same pH 
originally present in the fluid. If the final pH is lower, the alkali of buffers 
other than BHCO3 will neutralize part of the acid added in the titration, 
and the BHCO3 will be calculated too high. 

The necessary conditions have been met by Van Slyke, Stillman, and Cul- 
len (3), who added an excess of 0.02 n HCl to plasma, aerated to remove all 
the CO 2 , and then titrated back with 0.02 n NaOH to pH 7.4. The proce- 
dure was later improved ( 2 ) by using as end-point the pH of a control por- 
tion of the same plasma, so that protein errors of the indicator were com- 
pensated, and the original pH of the particular plasma analyzed became 
the end-point in each case. 

The titration is not quite so precise as the gasometric method, particu- 
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larly when the latter is carried out with the manometric apparatus. The 
titration, however, seldom differs by more than 0.3 millimole of BHCO^ 
per liter (= 0.7 volume per cent of CO 2 ) from the gasometric result, and 
is entirely adequate for most studies of the acid base balance. 

Dilution and acidification of plasma are performed with solutions con- 
taining 0.9 per cent of NaCl, in order to keep globulin in solution at the 
end-point. 


TITRATION OE BICARBONATE IN SERUM OR PLASlVUt 

Reagents 

Phenol red, 0.03 per cent solution of the sodium salt prepared as directed 
in the pH chapter (p. 793). 

Saline phenol red solution of pH 7.4. As described on p. 809. 

Hydrochloric acid, 0.01 N made by diluting 1 volume of 0.1 n hydrochloric 
acid to 10 volumes with neutral C02-free 1 per cent sodium chloride solution. 

Sodium hydroxide, 0.01 n COs-free, prepared from COa-free 0.01 n sodium 
hydroxide, by dilution with neutral, C02-free, 1 per cent sodium chloride 
solution. (For the preparation and preservation of C02-free alkali, see 
chapter I, page 29. Observe also precautions for “Preparation and preser- 
vation of standard solutions of sodium hydroxide more dilute than 0.1 n” 
on page 30.) 

The standard 0.01 n sodium hydroxide should be made up the day it is 
used, and should be tested for the presence of carbonate as follows (1). 

To 5 cc. of the 0.01 N HCI in a 200-cc. round-bottomed flask add from a freshly filled 
burette about 4.8 cc. of the O.OIn NaOH, and 0.3 cc. of the phenol red solution. The mix- 
ture should be strongly acid to the indicator. The solution is whirled about the walls of 
the flask for one minute to permit the escape of any CO 2 that may have been present 
in the standard alkali. The solution is then transferred to a SO-cc. test tube or flask, with 
the use of 10 cc. of the neutral sodium chloride solution to wash the 200-cc. flask. Enough 
additional 0.01 n NaOH is then added from the burette to bring the solution to pH 7.4. 
The end-point is controlled by comparison with 20 cc. of Soerensen’s phosphate solution 
(table 70, p. 816) of pH 7.4. 

A duplicate titration is performed in the same way, except that there is no agitation to 
remove carbon dioxide, the 0.01 N HCI plus 10 cc. of neutral NaCl solution being placed 
directly in the 50-cc. flask or tube, and the 0.01 N NaOH being added with a minimum of 
stirring. 

If there were no carbonate in the standard NaOH solution the two titra- 
tions would give identical results. The difference should preferably not 
exceed 0.1 cc., and if it exceeds 0.3 cc. the alkali should not be used. 
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Procedure 

From blood drawn and centrifuged with rigorous precautions to pre- 
vent loss of CO 2 (see chapter II), serum or plasma is secured; 1 cc. 
of this plasma is transferred with similar precautions to a tube, 20-mm. 
in diameter, containing, under oil, 20 cc. of saline phenol red solution 
of pH 7.4. This tube serves as a standard for the end-point. 

To another 1 cc. sample, in a round-bottomed flask of about 200-cc. 
capacity, are added 5 cc. of 0.01 n hydrochloric acid in 0.9 per cent 
sodium chloride. The flask is whirled about for at least one minute to 
facilitate escape of CO 2 from the acidified solution. The solution is then 
poured into a test-tube of the same diameter as the one containing the 
standard, the flask being rinsed with 10 cc. of neutral 0.9 per cent sodium 
chloride. Seven drops of 0.03 per cent phenol red are added and 0.01 n 
sodium hydroxide in salt solution is run in from a burette (fig. 1, p. 13) 
which permits readings to 0.01 cc., until the color of the solution matches 
that of the standard. The cubic centimeters of 0.01 n alkali used is 
designated as A. 

As the end-point is approached, each drop of alkali added appears to 
change the color past the end-point. Within a few seconds the color 
shifts back, and it is seen that at least another drop is needed before the 
genuine end-point is reached. Consequently the final color comparison 
should not be made until at least thirty seconds after the last drop of 
alkali has been added. Because of this behavior, it is weU to overrun 
the end-point by a drop of alkali, rather than to stop short of it when in 
doubt (3). 

A blank titration is done, in which 5 cc. of the same 0.01 n acid are 
diluted with 10 cc. of the neutral 0.9 per cent NaCl solution and titrated 
with the same 0.01 n alkali to the pH of the serum (or to pH 7.4 with a 
control tube of phosphate buffer (see table 70, p. 816)). The number 
of cubic centimeters of 0.01 n alkali required for the blank is designated 
as 5. 


Calculation 

10 {B — A) — millimoles of BHCO 3 per liter of plasma. 

22.3 (B — id) = volumes per cent of CO, in the form of BHCO3. 

A = cubic centimeters of 0.01 n NaOH used in titrating the plasma, jB = 
cubic centimeters of 0.01 n NaOH used in the blank titration. 
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CHAPTER XXIX 


Titratable Acid and Acid-base Excretion in Urine 

BASE ECONOMY 

The term “base economy” has been introduced by Gamble (2), to indicate 
the amount of bicarbonate loss which is spared the body by the excretion of 
acid radicals in excess of fixed base (fixed base = base other than NH 4 = 
Na -h K + Ca + Mg). The base economy may be calculated in two ways. 

A. From the ammonia, titratable acid, and bicarbonate excretion. Excre- 
tion of acid radicals in the form of neutral salts of fixed bases (e.g., as NaCl 
of Na^SOO does not contribute to the maintenance of the alkali reserve of 
the organism, because the acid radicals take out with them equivalent 
amounts of Na, K, Ca or Mg. It is only excretion of acids either free or as 
ammonium salts that contributes to the base economy of the organism. 
The sum of the free, titratable acids and the ammonia of the urine therefore 
is a measure of the base economy. In alkaline urine there is no free titrat- 
able acid. In place of it there may be large amounts of alkali bicarbonate. 
This constitutes a direct loss of alkali reserve from the body, and therefore 
must be subtracted from the ammonia -f titratable acid to give the base 
economy of the urinary excretion. Therefore 

Base economy = Ammonia -f Titratable acid — Bicarbonate. 

In this case the titratable acid represents acid titrated by Henderson and 
Palmer’s (4) method with the pH of the blood plasma, 7.4, as end-point. 

If excretion of bicarbonate exceeds that of ammonia fi- titratable acid, 
there is loss of alkali from the body, and the base economy is negative. 

B. From the difference between fixed alkali and acid radicals excreted. This 
calculation simply involves adding the number of monovalent equivalents 
of bases, other than ammonia, and of acid radicals, other than carbonic, and 
determining the excess of such acid over basic radicals excreted. The calcu- 
lation then becomes: 

Base economy = (Cl -j- SO4 PO4 -|- Organic acids) — (Na -f- K -j- Ca + Mg). 

all values being expressed in monovalent equivalents, or, as is usually more 
convenient, milli-equivalents. The monovalent equivalents of SO 4 , Ca, and 
Mg are twice the moles of each. In the calculation formulae given in this 
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volume, the monovalent equivalent for each of these radicals is obtained 
directly. For PO4 the monovalent base-binding equivalent at blood plasma 
pH is obtained by multiplying the molar concentration of PO4 by 1.8, since 
at pH 7.4 each molecule of phosphoric acid has one H completely replaced 
by base and 0.8 of a second H (see fig. 42, p. 295). 

If the principles of the above two methods of calculating the base economy 
of the urinary excretion are correct, and include all the quantitatively 
important radicals, the values for base economy obtained by the two 
methods should be approximately equal. Gamble, Tisdall, and Ross (2) 
have in fact found that the two procedures for calculating the base economy 
give essentially the same results. 

Presumably method B can be applied also to fecal excretion. There is 
no method for determining organic acids in feces, but it is probable that 
their amount is not great compared with that of the other radicals. 

In other chapters we have described the methods for determining all the 
values involved in calculation of the base economy, either procedure A or B, 
with the exception of the titratable acid. We shall accordingly here 
describe Henderson and Palmer’s method for determining this value, by 
titrating the urine to the end-point of normal plasma, pH 7.4. 

In addition we describe Folin’s method of titrating to the end-point of 
phenolphthalein, about pH 8.2. Titration to this more alkaline end-point 
indicates more free acid, usually by about 25 per cent, than Henderson and 
Palmer’s titration. The Folin titration can not be used like the Henderson- 
Palmer in determining the base economy of the urinary excretion; but the 
Folin procedure is somewhat simpler in that it can be carried out without 
a standard pH solution for comparison in judging the end-point, and the 
sum of ammonia fi- Folin titratable acid in diabetic and similar acidoses 
serves as a simple measure of the intensity of the condition (see columns 3 
and 4 of table 63 on p. 1001 of volume I). For these reasons the Folin 
titration also will be described. 

NATURE OE THE TITRATABLE ACID IN URINE 

The chief constituent of the titratable acid in normal urine is apparently 
acid phosphate (3, 4). The lower the pH of the urine the greater is the 
proportion of phosphate in the form of BH2PO4 and therefore the greater 
the proportion which must be titrated with alkali in order to bring 80 per 
cent to the form of B2HPO4 (for quantitative relations see figure 42) , There 
are also organic buffer acids which occur in urine, exist partly free at pH 
as low as 5, and are titrated, requiring per mole a fraction of an equivalent 
of alkali depending upon the initial pH of the urine. Of such acids, how- 
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ever, the only one that has been demonstrated in important amounts is 
the beta-hydroxybutyric acid formed in diabetes and other conditions 
causing ketosis. From the apparent dissociation constant, 2 X 10'®, (5) 
one calculates that at pH 4.8, the most acid reaction encountered in urine, 
55 per cent of this acid is free, while at pH 7.4 practically all is neutralized. 
Therefore in a urine of pH 4.8 one would titrate 55 per cent of the beta- 
hydroxybutyric acid present by the Henderson-Pahner method, and the 
same proportion by Folin’s method. 

determination oe the titratable acidity oe the urine by method 
OE HENDERSON AND PALMER (4) 

Reagents 

Phosphate solution. pH 7.4. A lM/15 phosphate buffer solution of pH 
7.4 prepared as indicated in table 70, page 816. 

Sodium hydroxide, 0.1 n. 

Phenol red. 0.1 per cent water solution of the sodium salt, prepared as 
described in the chapter on determination of pH (see table 60), or neutral 
red, 2 per cent water solution. (Neutral red was used by Henderson and 
Palmer, but the stock phenol red solution can also be employed.) 

Procedure 

To 10 cc. of the phosphate solution, in a 500-cc. flask, diluted to 250 cc. 
with water, are added 2 cc. of 0.1 per cent solution of phenol red, or 
0.2 cc. of 2 per cent neutral red solution. In a similar flask 10 cc. of 
urine are treated in the same manner. 0.1 n sodium hydroxide is then 
added to the diluted urine until its color matches that of the phosphate 
standard. 


Calculation 

10 A = milli-equivalents of titratable acid (cubic centimeters of 1 N acid) per liter of urine. 
A = cubic centimeters of alkali used in the titration. 

DETERMINATION OE THE TOTAL ACIDITY OE URINE BY THE 
METHOD OF EOLIN (1) 

The urine is first treated with potassium oxalate to eliminate the confus- 
ing effects of calcium in combination with phosphoric acid, and is then 
titrated with sodium hydroxide, with phenolphthalein as indicator. 
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Reagents 

Potassium oxalate, neutral, powdered, 
Phenolphthalein, 0.5 per cent in 50 per cent alcohol. 
Sodium hydroxide, 0.1 n. 


Procedure 

To 25 cc. of urine, in a 200-cc. Erlenmeyer flask, add 1 cc. of phenol- 
phthalein indicator and 5 grams of powdered oxalate. Shake the mix- 
ture for about one minute and then titrate at once with 0.1 n sodium 
hydroxide until a distinct pink coloration is produced. The flask should 
be shaken during the titration to keep the concentration of oxalate in 
the solution as great as possible. 

Calculation 

^ A = milli-equivalents of titratable acid (cubic centimeters of 1 n) per liter of urine. 

.4 = cubic centimeters of 0.1 n sodium hydroxide used in the titration. 

BIBLIOGRAPHY 

1. Folin, O.: The acidity of urine. Am. J. Physiol,, 1903, 9, 25. 

2. G.4MBLE, J. L.; Ross, G. S., and Tisdall, F, F.: The metabolism of fixed base during 

fasting. J. Biol. Chem., 1923, 57, 633. 

3. Henderson, L. J. ; A critical study of the process of acid excretion. J. Biol. Chem., 

1911, 9, 403. 

4. Henderson, L. J., and Palmer, W. W.: On the several factors of acid excretion. J. 

Biol. Chem., 1914, 17, 305. 

5. Henderson, L. J.; and Spiro, K.: On ionic equilibria in the anomal organism. I. 

The ionization constants of beta-oxybutyric and acetoacetic acids. /. Biol. Chem. 
1909, G, p. xxxix. 



CHAPTER XXX 


Chloride 

DISCUSSION 

Practically all chloride analyses in biological material are now carried 
out by titration methods. In clinical and physiological work the classical 
gravimetric procedure of precipitating and weighing as AgCl has been 
abandoned because it requires so much more time, material, and attention 
to detail than the special titration procedures that have been developed, 
with errors less than 1 per cent. Such accuracy is necessary for analyses 
of plasma chlorides, because the normal and many pathological variations 
are within a zone of a few per cent. Satisfactory gasometric chloride 
methods have not been developed, nor suf&ciently exact colorimetric ones. 

MoWs titration with chromate indicator. Of the titration methods the 
oldest and simplest is apparently that of Mohr (15). The chloride is pre- 
cipitated in neutral or slightly acid solution with standard silver nitrate 
solution added from a burette, a few drops of potassium or sodium 
chromate being used as indicator. AgCl and Ag 2 Cr 04 are both insoluble, 
but AgCl is so much the more so that no permanent precipitate of Ag2Cr04 
is formed until all the Cl has been precipitated. Then the first drop of 
excess Ag causes formation of a permanent brown cloud of silver chromate 
precipitate. The chief drawback of this method for biochemical work is 
that the pH of the titrated solution can not be lower than 5 (3) ; or the 
Ag2Cr04 precipitate does not form to indicate the end-point. In urine 
and blood filtrates organic substances, such as the purines, may occur, 
which are precipitated by silver unless free nitric acid is present in con- 
siderable concentration. Consequently the Mohr method is seldom used 
in analyses of biological material. 

Volhard^s titration, with siilfocyanate hidicator (25) . The chloride methods 
most used in biological analyses are applications of Volhard’s method. 
The Cl is first precipitated by adding an excess of standard AgNOs solution. 
Then a ferric salt is added as indicator and standard sulfocyanate is run in 
from a second burette. A white precipitate of AgSCN is formed until 
SCN"" in excess of the Ag+ has been added. Than at once the intense red 
Fe(SCN)g forms, and serves as the end-point. This end-point is sensitive 
even in the presence of free nitric acid. 
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The reactions are the following: 

(1) CI~ + Ag'" = AgCl (white precipitate). 

(2) Ag+ (excess from (1)) + SCN" = AgSCN (white precipitate). 

(3) 3 SCN~ (first drop excess from (2)) + Fe"’"*"'' = Fe(SCN)3 (red solution). 
Calculation: Cl = Ag — SCN. 

For a permanent end-point it is necessary after reaction 1 to filter of 
the AgCl and perform in the filtrate the back titration with sulfocyanate. 
xAgSCN is much more insoluble than AgCl, so that as soon as SCN is present 
in solution, as Fe(SCN)3, reaction occurs with the previously precipi- 
tated AgCl. 

(4) Fe(SCN )3 + 3 AgCl = FeCh -f 3 AgSCN 

In consequence of reaction 4 the end-point color formed by 3 fades away. 
If more sulfocyanate is added a new, but erroneous end-point is obtained, 
w'hich also fades, so that it is possible to make an error of several per cent 
if the final titration is performed without removing the AgCl. 

Reaction 4'with the precipitated AgCl is less rapid as the AgCl precipitate 
is more completely coagulated, and as its solubility is diminished by addi- 
tion of other reagents. Various expedients have been adopted to retard 
the reaction so that, without filtering off the AgCl, the titration could be 
carried out in its presence, and the end-point still last long enough to afford 
an accurate result. Rothmund and Burgstaller (18) added ether after 
reaction 1 and shook in order to coagulate the AgCl. McLean and Van 
Slyke (14) obtained the same effect with a drop or two of caprylic alcohol. 
Claudius (2) added alcohol to diminish the solubility of the AgCl; Smirk 
(20) and Patterson (17) added acetone with the same effect. Alcohol and 
acetone also have the advantage that they increase the intensity of the 
ferric sulfocyanate color by diminishing the dissociation of the salt (the 
undissociated Fe(SCN)3 is the colored compound). Harvey (11) and 
Whitehorn (27) increased the permanency of the end-point by optimum 
regulation of the nitric acid and ferric indicator concentrations. 

The admissibility of much free nitric acid at the end-point makes it simple 
to carry out in a single vessel wet HNO3 oxidation of proteins and other 
organic material, and subsequent Volhard titration of the Cl. The AgNOs 
is added before the oxidation, because otherwise the chloride would be 
oxidized to elementary CI2 and lost by volatilization. This procedure is 
used in the classical Carius method for halogen in organic compounds, the 
ashing being carried out at oven temperature in a bomb tube. In biological 
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material it has been found that the oxidation can be carried out with 
boiling nitric acid in unsealed vessels without loss of chlorine; this procedure 
has therefore been called the '‘open Carius.” In analysis of albuminous 
material it has the advantage of avoiding necessity for removal of protein 
by precipitation or dry ashing. The open Carius method for chlorides was 
first applied in 1897 independently to albuminous urine by Koranyi (12) 
and to tissues and blood by Moraczewski (16). Twenty years later Laudat 
(13) revived the procedure for blood analyses. These authors, in order 
to avoid the error due to fading of the end-point from reaction 4, filtered 
the AgCl precipitate, and titrated the filtrate. Van Slyke and Sendroy 
(24) avoided the filtration by utilizing end-point conditions, with respect 
to concentrations of ferric salt and nitric acid, that had been devised by 
Whitehorn (27) to stabilize the end-point. Claudius (2) and Patterson 
(17) achieved semi-permanent end-points by adding to the digest alcohol 
and acetone, respectively; while Fiske and Sokhey (5) removed the AgCl 
from the reacting fluid by centrifugating the AgCl and AgSCN precipitate 
mixture just before the end-point was reached, and adding the last drops 
of sulfocyanate to the supernatant fl.uid. 

In Van Slyke and Sendroy ’s (24) application of the procedure to blood, 
the silver nitrate and nitric acid were combined in a single solution, which 
therefore served both for digestion of proteins and precipitation of chlorides. 
Wilson and Ball (28) found that sometimes this procedure gave low results. 
When, however, Wilson and Ball first added to blood silver nitrate sepa- 
rately in aqueous solution, and introduced the nitric acid only after the 
serum and silver nitrate had been mixed, as had been done by Laudat (13), 
chloride recoveries were uniformly complete. Eisenman (4), who had 
employed the Van Slyke-Sendroy method for several years in the laboratory 
of one of the authors, encountered none of Wilson and Ball’s difi&culties, 
and in a series of checks secured consistent agreement between the original 
Van Slyke-Sendroy technique and the Wilson and Ball modification. 
She pointed out that it is important to add the silver nitrate-nitric acid mix- 
ture to the serum slowly and with coiistant stirring. Her results indicate 
that the original Van Slyke-Sendroy (24) procedure, if carried out with this 
precaution, gives uniformly consistent and correct values. It has, over 
the Wilson-Ball modification, two advantages: 

1. Instead of measuring, for analysis of 1 cc. of serum, 1 cc. of standard 
aqueous 0.15 n AgNOs solution, one measures 3 cc. of 0.05 n AgNOs in HNO3: 
accuracy is easier with the larger volume. 

2. The HNOa-AgNOs reagent of Van Slyke and Sendroy keeps in- 
definitely, while the 0.15 N aqueous silver nitrate used in the Wilson and 
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Ball modification may in time weaken by reduction and precipitation of 
some of the silver in the metallic form. 

Nitric acid digestion of whole blood and, to a lesser extent, of serum 
yields solutions with sufficient yellow color to make it difficult for some 
analysts to detect with maximum accuracy the end-point of the titration. 
The color can be destroyed by the addition of a little potassium perman- 
ganate during the digestion. 

McLean and Van Slyke’s iodometric titration with nitrite-starch indicator 
{14). McLean and Van Slyke in 1915 developed a titration with an end- 
point even more sensitive than that of VoUiard. As in the Volhard analysis, 
the Cl is precipitated with an excess of Ag, but the excess of Ag is titrated 
back with standard KI solution instead of sulfocyanate; the end-point is 
formed by the iodine which is set free by reaction of nitrous acid with the 
first drop of unprecipitated KI solution. The reactions are; 

(1) Cr -j- Ag"'' = AgCl (white precipitate). 

(2) Ag+ (excess from reaction 1) -}- I" = Agl (yellow precipitate). 

(3) HI (first drop excess from 2) -|- HNO 2 = I d- NO -f- H 2 O (blue color of iodine with starch). 

Calculation: Cl — Ag — I. 

The sensitivity of the end-point is such that the color made by 1 drop of 
0.01 N iodide can be seen in 75 cc. of solution. 

As in the original Volhard titration, it is necessary to filter off the AgCl 
before the back titration with KI solution. Since Agl, like AgSCN, is 
much more insoluble than AgCl, traces of soluble iodide or iodine in the 
presence of AgCl rapidly disappear from solution by reaction 4. 

(4) I- 4- AgCl = Cl- -h Agl. 

The difference in solubility between Agl and AgCl is, in fact, so marked 
that no devices have been offered which render possible the omission of 
filtration of the AgCl before the final titration. 

Despite this fact, the sensitivity and permanence of the end-point offer 
such an attraction that the procedure has been preferred in a number of 
methods for titrating blood filtrates (1, 6, 7, 9, 10, 19, 21). It has not yet 
been applied to nitric acid digests, which contain so much free nitric acid 
that rather large amounts of buffer would be required to bring the final 
reaction to the optimum pH for the iodine end-point. 
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Choice of methods 

For urine we describe only the Harvey application of the Volhard titra- 
tion, which apparently meets all requirements with maximum simplicity. 

For direct analyses of blood and plasma, and of feces, modifications of 
the open Carius method, with combined nitric acid ashing and Volhard 
titration are outlined with modifications for 1, 0.2, and 0.02 cc. of plasma. 

For analyses of the Folin-Wu blood filtrate, Whitehorn’s application of 
the Volhard titration and an application of the McLean-Van Slyke iodo- 
metric titration are given. 

When preparation of Folin-Wu blood filtrates is not required for other 
analyses, the method of choice for plasma chlorides will ordinarily be one 
of open Carius procedures, in which the entire analysis is completed in one 
vessel. When the Folin-Wu filtrate is prepared for other analyses, it may 
be more convenient to use it for chlorides also. In this case the analyst 
can follow his individual preference for the Volhard titration, as applied 
by Whitehorn, or for the iodometric titration of McLean and Van Slyke. 
The one added filtration and somewhat more complicated reagents of the 
latter are, perhaps, compensated by the increased sensitivity and per- 
manence of the end-point. 

Greenwald and Gross (8) determined blood chlorides, after removal of 
the proteins by a number of common procedures. These authors found 
that, of the procedures tried, only the Folin-Wu precipitation with tungstic 
acid and the open Carius nitric acid technique uniformly yielded solutions 
in which all the blood chloride could be determined. Other procedures 
for protein removal may not, therefore, be substituted for these, unless 
control analyses show that such substitution introduces no error. 

CHLORIDE IN URINE. MODIFIED VOLHARD-HARVEY TITRATION (11) 

The chloride is precipitated by means of silver nitrate in the presence of 
nitric acid, and the excess of silver is titrated with sulfocyanate. The 
titration may be carried out in the presence of the silver chloride precipi- 
tate with sufficient accuracy for the purposes of most urine analyses, al- 
though the end-point is an evanescent instead of a permanent color. In 
the reagents described, the ferric alum, silver nitrate, and nitric acid are 
combined together in one solution. This combination, used in the authors’ 
laboratories, has an advantage over the original Harvey reagents, in which 
silver nitrate was in one solution and nitric acid with ferric alum in another. 
The combination makes one less reagent solution, and the HNO 3 stabilizes 
the AgNOs. 
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Reagents 

Standard silver nitrate solution. Dissolve 29.06 grams of silver nitrate 
in about 100 cc. of distilled water in 1-liter volumetric flask. Add 250 cc. 
of concentrated nitric acid and 250 cc. of a saturated aqiiieous solution of 
ferric ammonium sulfate. Dilute to a volume of 1 liter. One cubic centi- 
meter of this solution is equivalent to 0.01 gram of sodium chloride. 

Standard ammonium sulfocyanate solution. Dissolve about 6.5 grams of 
NH4SCN in 800 cc. of distilled water. Titrate this solution against the 
above standard silver nitrate solution. Then calculate, as shown on page 
30, the amount of water which must be added to the stock sulfocyanate 
solution to make it half the strength of the silver nitrate solution. One 
cubic centimeter of the silver nitrate solution should titrate 2 cc. of the 
ammonium sulfocyanate solution. One cubic centimeter of the ammonium 
sulfocyanate solution is equivalent to 0.005 gram of sodium chloride. 

Procedure 

To 5 cc. of urine, in a 250-cc. Erlenmeyer flask, add 100 cc. of water 
and 10 cc. of the silver nitrate solution. If the solution assumes a 
pinkish color, as it sometimes will, this may be dispelled by the addition 
of a few drops of saturated solution of potassium permanganate. Ti- 
trate with the sulfocyanate until the appearance of the first salmon pink 
or brownish tint that persists several seconds. If the urine contains 
an unusual concentration of chlorides this color may appear upon the 
addition of the first drop of sulfocyanate. In this case add another 
10 cc. of the silver nitrate at once and resume the titration. 

The most common cause of error (low results) is failure to recog- 
nize the temporary nature of the end-point (see p. 830). The 
Rrst color that, for a few seconds after one shaking, permeates 
the solution, is the true end-point. When this is obtained the titration 
is finished. 

In ketosis' the urine may contain enough acetoacetic acid to give a red 
color with ferric iron, even before sulfocyanate has been added. The aceto- 
acetic acid can be removed by acidifying the urine and boiling for a few 
minutes. 

Subjects who have taken aspirin also excrete urines which form a red color 
with the ferric indicator (11a). In such cases an extra urine sample is 
employed as a control. The solution of standard silver nitrate and ferric 
indicator is added to both samples, and one of them is titrated with sulfo- 
cyanate until the red color becomes deeper than that of the control. 
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Calculation 

2 -4 — B — grams of chloride calculated as NaCl per liter of urine. 

0.607 (2 A — B) — grams of Cl per liter of urine. 

17.1 (2 A — J3) = milli-equivalents of Cl per liter of urine. 

,1 = the cubic centimeters of silver nitrate added to the urine, and B the 
cubic centimeters of sulfocyanate used in the titration. 

CHLORIDE IN FECES. OPEN CARIUS METHOD 

Weigh 1 to 2 grams of the dried, pulverized stool, prepared by the 
method described on page 78, into a 2S0-cc. P 3 n-ex glass Erlenmeyer 
flask. Add 10 cc. of the silver nitrate solution used in the determination 
of urine chlorides, and about 3 cc. of concentrated nitric acid. Cover 
the mouth of the flask with a watch glass or funnel and digest the mix- 
ture in a boiling water bath or steam bath for six hours, or until the solu- 
tion becomes a clear yellow and the silver chloride has flocculated out 
completely. Allow the flask to cool, and titrate with sulfocyanate solution 
as in the urine chloride method. 

If it is desired to determine both nitrogen and chloride in the feces, the 
latter may be preserved with suHuric acid in the usual manner described 
on page 78. A suitable weighed aliquot of the stool paste may be sub- 
jected to the procedure just described for the analysis of dried stools. The 
presence of sulfuric acid does not interfere with the chloride determination. 

The digestion of feces with nitric acid and silver nitrate can, like that of 
blood, be accelerated by boiling over a free flame with the addition of satu- 
rated potassium permanganate. ' 

CHLORIDE IN 1-CC. SAMPLES OF BLOOD OR SEROT. OPEN CARIUS METHOD 
AS APPLIED BY VAN SLYKE AND SENDROY (24), WILSON AND 
BALL (28), AND EISENMAN (4) 

This method may also be used for tissues, and for other fluids, such as 
urine, gastric juice, etc. 

Reagents 

In the Van Slyke and Sendroy technique silver nitrate and nitric acid 
are combined in a single solution. Wilson and Ball add the two reagents 
separately, for reasons discussed above. 

1. Combined reagent of Van Slyke and Sendroy: 0.05 N AgNOs in con- 
centrated HNO3. Dissolve 8.495 grams of fused silver nitrate in a minimum 
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amount of water and make the solution up to 1 liter with concentrated nitric 
acid (specific gravity 1.4). This solution will keep indefinitely. 

2. Separate reagents of Wilson and Ball. 

A. 0.15 N silver nitrate. Dissolve 25.485 grams of fused silver nitrate in 
water and dilute the solution to 1 liter. This solution must be carefully 
protected from light. Even under these conditions it deteriorates. It 
must, therefore, be standardized from time to time or frequently renewed. 
It may be standardized gravimetrically, or by titration against standard 
HCl or KCl solution. 

B. Concentrated nitric acid (specific gravity 1.4). 

Saturated solution of potassium permanganate. 

0.02 N sulfocyanate. Dissolve 1 .6 grams of sodium sulfocyanate, 1.5 grams 
of ammonium sulfocyanate, or 1.9 grams of potassium sulfocyanate in 
about 900 cc. of water. Filter •the solution if it is not clear. With this 
solution titrate 3 cc. of the 0.05 n acid silver nitrate solution (or 1 cc. of 
the 0.15 N aqueous silver nitrate solution (A) plus 3 cc. of concentrated 
nitric acid. Perform the titration under the conditions described below 
for blood analyses, adding 6 cc. of 5 per cent ferric alum solution as indicator. 
From the titration results calculate how much to dilute the sulfocyanate 
(see p. 30) in order that 7.54 cc. shall be required to titrate 3 cc. of the 0.05 n 
silver nitrate in HNO 3 , or 1 cc. of the 0.15 n silver nitrate. (The extra 0.04 
cc. is the excess of sulfocyanate required to give the end-point.) The stock 
solution of sulfocyanate is diluted to the calculated volume, and its accuracy 
is checked by repeating the titration. The titration value of the sulfo- 
cyanate should be redetermined at least one a fortnight, as it may change. 

Five per cent solution of ferric alum. (Powdered ferric alum may equally 
well be used.) 

Procedure 

Introduction of silver nitrate and nitric acid. To 1 cc. of blood 
or plasma in a 25 by 200-mm. Pyrex glass test tube, add slowly and with 
constant stirring 3 cc. of 0.05 n silver nitrate in concentrated nitric 
acid. Wilson and Ball, for reasons discussed above, prefer to add 1 cc. 
of 0.15 N silver nitrate first and, after this has been thoroughly mixed 
with the serum, to introduce 3 cc. of concentrated nitric acid.’^ 

1 Sunderman and Williams (22) find that in analyses of dried blood or tissue if the con- 
centrated HNOa-AgNOa solution of Van Slyke and Sendroy is added directly, low chlo- 
ride values are obtained. Apparently the cause is that some of tlie chloride is occluded by 
fat, which floats up on the surface of the nitric acid during digestion and escapes disinte- 
gration. If the dried material is first soaked in water, or in aqueous silver nitrate solu- 
tion, before digestion with HNOs-AgNOs mixture, correct results are obtained. 
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Digestion on a steam hath. Van Slyke and Sendroy (24). 
The tube is covered with a watch glass and the lower part is immersed 
in a steam bath until the solution above the AgCl precipitate is clear and 
light yellow in color. For this purpose one to two hours suffice for 
serum, while whole blood requires twelve hours. Permanganate may 
be added to diminish the color of the solution, as in the digestion over the 
free flame described below, and the addition is desirable in analyses of 
whole blood. The digests of plasma, without permanganate, are of such 
light color that no appreciable gain in the accuracy of the end-point is 
achieved by using permanganate. 

Alternative digestion over free dame. Eisenman (4), Two 
additional cubic centimeters of concentrated nitric acid are added. The 
acid-silver nitrate digestion mixture in the Pyrex tube is brought to a 
boil over the free flame. Saturated potassium permanganate is added 
to the boiling mixture a few drops at a' time. Digestion is complete 
when the digestion mixture becomes clear and colorless or when the 
brown color persists for as much as thirty seconds after the addition of 
the last drop of permanganate. The sides of the tube are now washed 
down with distilled water, the solution is boiled again and permanganate 
again added a drop at a time. Usually only 4 or 5 drops are necessary 
at this stage. It is impossible to decolorize completely digests of whole 
blood or of certain sera. Permanganate accelerates digestion, and 
provides more nearly colorless solutions for subsequent titration. By 
the use of this digestion procedure the determination of chloride can be 
completed in about fifteen minutes. If excess permanganate is added, 
the solution can be decolorized with a few crystals of oxalic acid. 

T itration. When digestion is complete the tubes are cooled to room 
temperature or lower ; 6 cc. of 5 per cent ferric alum or 5 to 6 cc. of water 
and about 0.3 gram of powdered ferric alum are added; and the excess 
silver nitrate is titrated with 0.02 n sulfocyanate until the first appear- 
ance of a pink color that persists fifteen seconds. It is important before 
titration to cool the contents of the tubes thoroughly, because the end- 
point of the titration becomes increasingly sharp as the temperature 
diminishes. 

Fiske and Sokhey (5), in order to make the end-point more permanent 
and sensitive, practically remove the AgCl from the field of reaction by 
centrifuging the mixed AgCl-AgSCN precipitates just before the end-point 
is reached, and then add the last drops of standard sulfocyanate to the 
supernatant solution. The writers have not in general found this precaution 
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necessary. The AgCl becomes well coagulated during the nitric acid diges- 
tion, and under the conditions of the titration, performed with ordinary 
rapidity, reaction of AgCl with the first drop of sulfocyanate is not rapid 
enough to make the true end-point difficult to distinguish. 

Calculation 

20 (7.54 — A) = milli-equivalents of Cl in 1 liter of blood. 

71 (7.54 ~ A) = milligrams of Cl in 100 cc. of blood. 

117 (7.54 — A) = chloride calculated as milligrams of NaCl in 100 cc. of blood. 

A = cubic centimeters of 0.02 n sulfocyanate used in the titration of the 
unknown solution. 

CHLORIDE IN 0.2 CC. OF BLOOD OR PLASMA, PATTERSON’S (17) MICRO 
MODIFICATION OF THE OPEN CARIUS METHOD 

The procedure as presented, has been somewhat modified by Pauline 
M. Hald in the laboratory of one of the authors (J. P.). 

Reagents 

Silver nitrate reagent, 0.01333 n silver nitrate solution in nitric acid (3 cc. 
of this reagent are equivalent to 1 cc. of 0.04 n). Dissolve 2.265 grams of 
fused silver nitrate in a minimal amount of water and make it up to 1 liter 
with concentrated nitric acid (specific gravity 1.4). This solution keeps 
indefinitely if reasonably protected. 

Concentrated nitric acid. 

Saturated solution of -potassium permanganate. 

Acetone. 

Powdered ferric alum. 

0.02 N alcoholic solution of sodium sulfocyanate. Dissolve 1.6 grams of 
sodium sulfocyanate in about 900 cc. of 95 per cent^ alcohol. With a micro- 
burette, graduated in 0.01 cc. divisions, titrate with the sulfocyanate 3 cc. 
of the silver nitrate reagent solution and 2 cc. of acetone, using about 
0.3 gram of ferric alum as indicator. The sulfocyanate is then so diluted 
that 2 cc. are equivalent to 3 cc. of the silver nitrate solution. The sulfo- 
cyanate should be restandardized against the silver nitrate each day. The 
alcohol evaporates so readily that it is difficult to prevent the solution from 
becoming more concentrated on standing. 

* Patterson recommends absolute alcohol, but 95 per cent seems to be quite satisfactory. 
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Procediire 

Draw 0.2 cc. of blood or serum into a pipette calibrated to contain. 
Rinse the pipette into 1 cc. of distilled water in a 25 by 200-nim. Pyrex 
glass test tube. Then add slowly and with constant stirring 3 cc. of acid 
silver nitrate reagent and a few crystals of ferric alum. Heat the mix- 
ture to a gentle boil over a free flame. To the boiling solution add 
saturated potassium permanganate a drop at a time until the brown 
color produced by a drop of the solution persists for thirty seconds. 
Cool the solution to room temperature or below and add 2 cc. of acetone. 
Cool again. Titrate with 0.02 n alcoholic sulfocyanate from a micro 
burette. The end-point is neither the first appearance of brown color 
nor the maximum color obtained by excess sulfocyanate. It is neces- 
sary to practice the titration with known chloride solutions in order 
to learn the color change that must be used as end-point to give exact 
results. 

Precautions must always be taken to prevent error from concentra- 
tion of the alcoholic sulfocyanate solution, from which the alcohol 
evaporates rapidly on exposure to air. 

Calculation 

100 (2 — rl) = milli-equivalents of Cl per liter of blood or serum. 

.355 (2 — A) = milligrams of Cl per 100 cc. of blood or serum. 

585 (2 — A) = milligrams of Cl, as NaCl, per 100 cc. of blood or serum. 

A = the cubic centimeters of 0.02 n sulfocyanate used in titration of the 
unknown solution. 

CHLORIDE IN 0.02 CC. OF BLOOD OR PLASMA. CLAUDIUS’ (2) ULTRA-MICRO 
APPLICATION OF THE OPEN CARIUS METHOD 

Reagents 

0.04 N- silver nitrate. Dissolve 6.795 grams of fused silver nitrate in water 
and dilute to a liter.^ This solution must be carefully protected from the 
light. Even under these conditions it deteriorates and must, therefore, 
be renewed or standardized at intervals. 

Concentrated nitric acid (specific gravity 1.4). 

Four per cent ferric nitrate solution acidified with nitric acid. 

® It would probably be possible to combine silver nitrate and nitric acid into a single 
solution which would not deteriorate, as is done in the reagents of Van Slyke and Sendroy 
and of Patterson, described above. 
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Four per cent potassium permanganate solution. 

0.005 K poiassuim sulfocyanate in absolute alcohol. Such a solution 
contains a little less than 0.5 gram of the salt per liter. It can be prepared 
by dissolving the salt in absolute alcohol in about these proportions and 
standardizing it against the silver nitrate hy the titration procedure de- 
scribed below for the analysis of serum. It must be restandardized each 
day. 1.6 cc. should be equivalent to 0.2 cc. of the 0.04 n silver nitrate. 

Absolute alcohol. 


Procedure 

0.02 cc. of blood is drawn up into a capillary pipette, calibrated to con- 
tain, such as is used for hemoglobin determinations, and is transferred 
to a test tube of Pyrex or Jena glass containing a few drops of water. 
The pipette is washed out with a little water and the washings are 
added to the tube. 0.20 cc. of the 0.04 n silver nitrate solution are 
are similarly added, and 4 to 5 drops of pure concentrated nitric acid. 
The mixture is warmed over a small flame without boiling and with 
continual shaking of the tube. The protein coagulum dissolves quickly 
and only the silver nitrate and chloride remain. When the yellow fluid 
begins to clear it is heated to a boil with continued shaking of the tube, 
and when only about 0.25 cc. of fluid is left a drop of permanganate solu- 
tion is added to decolorize the solution. If a little manganese dioxide is 
precipitated a drop of nitric acid is added and the solution is boiled a 
moment. After cooling, 5 cc. of absolute alcohol and a drop of 4 per cent 
ferric nitrate are added. The unprecipitated silver is now titrated with 
the 0.005 N sulfocyanate solution. 

A micro burette divided into 0.01 cc. divisions is used, with a fine 
capillary glass tip which is vaselined in order to make the drops as small 
as possible. Such a tip delivers 150 to 200 drops of alcoholic solution 
per cubic centimeter. By means of a cock at the top which can be closed 
when the burette is not being used evaporation of alcohol can be pre- 
vented. Special mico-burettes of the types devised by Bang and by 
Shohl are adapted for such titrations (see chapter I). 

In order to titrate to a standard color, after part of the sulfocyanate 
(e.g., 0.5 cc.) solution has been added, the titrated solution may be 
divided into two parts in two tubes of about 10 cc. capacity each. To 
one tube sulfocyanate is added until a perceptible permanent pink differ- 
entiates it from the other. Cyanate is then added to the remaining 
tube until it has the same pink color. 
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The end-point is very sharp. Presumably because of difficulty in measur- 
ing the small volumes of blood and silver nitrate with great accuracy, the 
method gives results deviating by ±2 to 3 milli-equivalents from the mean. 
With larger samples, 0.1 cc. of blood, and 1.0 cc. of silver solution, the devia- 
tion from the mean was only ± 1 milli-equivalents. (Unpublished analyses 
of Dr. Alma Hiller.) 

It is necessary to check the method by analysis of known 0.1 m chloride 
solutions: the results are likely to exceed the theoretical by a constant 
amount, perhaps because of amounts of chloride in the reagent too slight 
to be precipitated in blank. In case such a difference is found, results 
calculated as described below are to be corrected by subtracting the correc- 
tion indicated by the check. 


Calculation 

250 (B — A) = milli-equivalents of Cl per liter of blood. 

1462 {B —■ A) = chloride calculated as milligrams of NaCl per 100 cc. 

862 (B — A) = milligrams of Cl per 100 cc. 

B = cubic centimeters of suHocyanate required in blank analysis to titrate 
the 0.2 cc. of 0.04 n silver nitrate. A — cubic centimeters of sulfocyanate 
used in blood analysis. 

CHLORIDE IN FOLIN-WU BLOOD FILTRATES. WTIITEHORN’s APPLICATION OF 
THE VOLHARD TITRATION (27) 

Reagents 

Solutions for FolinAVu tungstic acid precipitation of proteins (see p. 65). 
The sodium tungstate solution which is used for the precipitation of pro- 
teins should be tested for chloride in the following manner: Mix one volume 
of 10 per cent sodium tungstate solution with two volumes of concentrated 
chloride-free nitric acid, and filter the mixture into a test tube containing 
silver nitrate. If more than a slight cloud appears the tungstate is unsuit- 
able for use. It may be freed from chloride by recrystallization from alcohol. 
A fifty per cent water solution of the contaminated tungstate is pre- 
pared with the aid of heat. It is cooled, and an equal volume of 95 per 
cent alcohol is slowly stirred in. After about ten minutes the crystallized 
tungstate is filtered on a Buchner funnel, washed twice with alcohol, 
and dried. 
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Concentrated nitric acid. 

Powdered ferric alum. 

0.03 -v silver nitrate. Dissolve 5.097 grams of fused silver nitrate in 
water and make the volume up to 1 liter. (Instead of the 0.0282 n standard 
solutions in the original paper, 0.03 n solutions are here used, in order to 
facilitate calculation in milli-equivalents rather than grams of Cl.) 

0.03 N sulfocyanate. Dissolve about 3.2 grams of potassium sulfocyanate, 
or 2.7 grams of sodium or 2.5 grams of ammonium sulfocyanate, in 1 liter 
of water. Mix 10 cc. of the tungstic acid mixture, 5 cc. of the silver nitrate 
solutions, 5 cc. of concentrated nitric acid, and 0.3 gram of ferric alum. 
Titrate the mixture with the sulfocyanate solution. Then adjust the 
strength of the latter by dilution so that 5.04 cc. are required to titrate 5 cc. 
of the silver solution. (0.04 cc. excess of sulfocyanate is required to give 
the end-point color.) 


Procedure 

Transfer 10 cc. of Folin-Wu tungstic acid filtrate of blood or serum, 
prepared in the usual manner (see p. 65), but with chloride-free tung- 
state, to a porcelain dish. To this add 5 cc. of silver nitrate solution 
and stir the mixture thoroughly. Add about 5 cc. of concentrated nitric 
acid, stir the mixture again and let it stand about 5 minutes. Then add 
with a spatula, about 0.3 gram of dry ferric alum and titrate the excess 
silver nitrate with sulfocyanate until the appearance of a pink color which 
persists for fifteen seconds. 


Calculation 

30 (.5.04 — ^4) = milli-equivalents of Cl per liter of blood or serum. 

175.4 (5.04 — A) = chloride calculated as grams of NaCl per 100 cc. of blood or serum. 
A = the cubic centimeters of 0.03 n sulfocyanate used in the titration. 

CHLORIDE IN EOLIN-WU BLOOD EILTRATE. lODOJkOSTRIC TITRATION OR 
MCLEAN AND VAN SLYKE (14) 

The method as here described differs from the original technique of 
McLean and Van Slyke (14) and Van Slyke and Donleavy (23) only in that 
it is applied to the Folin-Wu filtrate, instead of to the heat coagulation or 
picric acid filtrate, and in that the concentrations of the standard solutions 
are slightly altered in order to facilitate calculation of the results in terms of 
milli-equivalents of chloride instead of milligrams. 



BLOOD BILTRATE, McLEAN-VAN SLYKE TITRATION 


843 


This titration has been applied to the Folin-Wu filtrate by Gettler (7), 
Hanna (9), and Short and Gellis (19). For discussion, see p. 832. 

Reagents 

Folin-Wu tungstate solution tested for chloride as described above for 
the Whitehorn method. 

0.03 N silver nitrate in 25 per cent nitric acid solution. 5.097 grams of 
silver nitrate are weighed into 1 -liter flask and dissolved in some water. 
Two hundred and fifty cubic centimeters of concentrated nitric acid (specific 
gravity 1.42) are added, and the solution is diluted to 1 liter with water. 

In place of silver nitrate, metallic silver, which can be obtained in a high 
state of purity, may be used. In this case 3.236 grams of silver are dissolved 
in some of the concentrated nitric acid in a 250-cc. Erlenmeyer flask. Water 
is then added and the solution is boiled to expel nitric oxide fumes. The 
solution is then transferred to a 1 liter volumetric flask, and the rest of the 
250 cc. of concentrated nitric acid are added, followed by water to bring the 
volume to 1 liter. If assurance of the greatest accuracy is desired, one will 
either use metallic silver for the standard solution, or at least prepare a 
small amount from metallic silver and with it check the main solution pre- 
pared from silver nitrate. 

0.012 N potassium iodide solution. This solution contains 1.9924 grams of 
pure KI per liter. It is made up with 2.1 grams per liter, and is diluted to 
the extent indicated by a preliminary standardization against the 0.03 n 
silver nitrate. The standardization is carried out as follows: 

Five cubic centimeters of the 0.03 n AgNOs solution, measured with a 
pipette accurate to 0.01 cc., are mixed with 5 cc. of water and 5 cc. of the 
starch citrate solution described below. Then, from a 25-cc. burette 
graduated in 0.05 cc. divisions, iodide is run in until a permanent blue end- 
point is obtained. The amount of exactly 0.012 n iodide that would be 
required is 12,65 cc., 12.50 cc. to precipitate the silver and 0.15 cc. to give 
the end-point (see below under ^‘End-point”)- Somewhat less of the 
approximately 0.013 n preliminary iodide solution will be required. 

The extent to which the preliminary iodide solution must be diluted to 
make it exactly 0.012 n is calculated as follows: If A cc. of iodide are used 

12.50 

in the titration, the preliminary solution is diluted to mr: times its 

^ ““ U.J..J 

volume; e.g. : If 11.55 cc. of iodide are used in the titration, and 950 cc. of 
preliminary solution are to be diluted to 0.012 n, the volume of the diluted 
12 50 

solution will be 950 X ttux = 1041 cc. One will therefore add 91 cc. to 
11.40 
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the preliminary iodide solution. The final iodide is checked by titrating 
again against the silver. 

Bujffered starch nitrite solution 


Trisodium citrate, Na 3 C 6 H 307 O 2 H 20 446 grams 

Soluble starch 2.5 grams 

Sodium nitrite 19 grams 

Water to 1000 cc. 


This solution contains sodium citrate in 1.25 molecular concentration, and 
nitrite in 0.25 molecular. The total Na concentration is 4 equivalents per 
liter, 3.75 from the tri-sodium citrate and 0.25 from the nitrite. The 
citrate serves to neutralize the free nitric acid and bring the pH to the 
point best suited for development of blue color by reaction of the starch 
indicator with iodine. Four cubic centimeters of solution, containing 16 
milli-equivalents of Na, serve to react with 1 cc. of concentrated (16 n) 
nitric acid, and to give a solution having the optimum acidity for the starch- 
iodine end-point. 

To prepare the solution, the starch is first dissolved in water, to which the 
citrate and nitrite are then added, the solution being finally made up to 1 
liter. In preparing the starch solution, the solution must be boiled. If 
soluble starch is used, a few minutes boiling suffice. If potato or corn 
starch is used, it should be boiled for at least an hour. 

Proposed modifications of the reagents. Tlie following modifications have been pro- 
posed. The writers can not at present offer from experience an opinion as to whether 
they are definite improvements on the original reagents for routine work. 

Smith (21) includes in the citrate-nitrite-starch solution 80 cc. per liter of concen- 
trated syrupy phosphoric acid, which, he finds, intensifies the blue of the end point. 

Christy and Robson (1), in place of the citrate-nitrite-starch solution, use two solutions, 
viz., a 1 per cent solution of soluble starch and a 0.01 n solution of potassium bi-iodate. 
With this solution in place of nitrite, the citrate buffer becomes unnecessary. To the 
filtrate from the precipitated AgCl 1 cc. each of the potassium bi-iodate and of the starch 
solution is added, and the standard KI solution is run in from a burette until the usual 
blue end-point is reached. 


Procedure 

For duplicate titrations, 20 cc. of the Folin-Wu blood or plasma fil- 
trate, representing 2 cc. of blood or plasma, are pipetted into a 50- 
cc. volumetric flask. Ten cubic centimeters of the 0.03 n silver nitrate 
solution are added, and the mixture is diluted to the 50-cc. mark. Two 
drops of caprylic alcohol are added to promote coagulation of the silver 
chloride, which is further assisted by inverting the stoppered flask 
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several times. After allowing five minutes for complete coagulation to 
occur, the solution is filtered through a dry folded filter. If the first 
drops of filtrate are cloudy they are passed through the filter a second 
time. 

Of the filtrate two aliquot portions of 20 cc. each are pipetted into 50- 
cc. flasks. Four cubic centimeters of the starch-nitrite solution are 
added to each portion. A slight turbidity may appear at this point, but 
it does not interfere with the titration. 

For the titration the 0.012 n KI solution is run in, from a burette 
graduated into 0.05 cc. divisions, until a permanent blue color appears. 

Calculation 

IS (10.15 — KI) == milli- equivalents of Cl per liter of blood or plasma. 

87.7 (10.15 — KI) = chloride calculated as milligrams of NaCl per 100 cc. 

The end-point (23) 

Only a permanent and unmistakable blue is taken as the end-point. If 
the iodide is run in rapidly near the end of the titration, iodine may be 
formed more rapidly than the silver nitrate precipitates it, and a false end- . 
point may be reached, which disappears after a few seconds’ shaking. If, 
towards the end of the titration, the iodide is added in the usual manner, 
slowly, the blue shade caused by each drop disappears as soon as the solution' 
is rotated, until the genuine end-point is reached. The latter is permanent, 
and in fact deepens with time. 

The first appearance of the end-point is observed easily against a white 
background, but even more readily against one which matches the light 
yellow color of the silver iodide precipitate. The titration may be per- 
formed over a sheet of light yellow paper which lies on the table beneath 
the burette. 

The fact that 0.15 cc. of excess KI solution is required to give the end- 
point does not detract from the accuracy of the titration, because, with a 
given volume of solution, the required excess is constant and sharply defined. 
The end-point is not approached gradually, but appears suddenly on the 
addition of the last drop of the 0.15 cc. excess of KI. This may be demon- 
strated in a control solution by mixing 1 cc. of HNO 3 of 1.42 specific gravity 
with 4 cc. of starch-citrate indicator, diluting up to 25 cc., and titrating with 
the KI solution. The first 0.10 cc. produces no color at all, but the next 
drop suddenly causes a definite blue which deepens rapidly for several 
seconds. The amount of excess KI required to produce the end-point 
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varies directly as the volume of the solution; consequently it is desirable 
to keep the volume at the end of the titration within approximately the 
same limits (25 to 30 cc.) in standardizing the sulfocyanate and in perform- 
ing the analyses. 
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CHAPTER XXXI 


Phosphorus 

DISCUSSION 

GRAVIMETRIC METHODS 

Precipitation as magnesium ammonium phosphate, with weighing as 
Mg^P-Pi or as MgNHiPOr^H^O. The standard precipitate used for exact 
phosphate determinations is ammonium magnesium phosphate, which is 
formed as MgNH4P04 ■ 6H2O. It must be precipitated under fairly exact 
conditions, or the proportions of Mg and NH4 may vary from those in the 
formula. It is not adapted to micro analyses, but serves well for phosphate 
determinations in urine or feces. For weighing, the usual procedure is to 
ignite the precipitate at a white heat (about 1100°) and change it to the 
pyrophosphate, Mg2P207. Jones ( 30 ) has found that the precipitate can 
be dried in air to constant weight, in about twenty hours at room tempera- 
ture and more rapidly at 40 °, and can then be weighed as MgNH4P04 • 6H2O. 
This procedure has not been adopted by other analysts, but it seems that 
it could conveniently replace ignition when an electric muffle is not available 
for the latter. 

Precipitation mid weighing as ammonium phosphomolybdate. The char- 
acteristic yellow precipitate is obtained by warming or shaking phosphoric 
acid with an excess of ammonium molybdate in acid solution. The precipi- 
tate formed in the presence of nitric acid has the approximate composition 
(Mo03)i 2P04(NH4)3(HN03)2'H20, with a molecular weight of 2019 ( 28 ). 
If formed in the presence of HCl or H2SO4 one of these acids replaces HNO3 
in the precipitate. The ammonia in the molecule is loosely bound. If the 
precipitate is washed with 1 per cent KNO3 solution, as is done in some 
methods where the precipitate is to be measured by titration with alkali, 
nearly all the ammonia is removed in the washing ( 54 ). Even when the 
precipitate is formed under the constant conditions of Lorenz ( 36 ) and 
washed with alcohol, the NH4 content is not exactly fNH4)3, is likely to 
be more nearly (NIl4)3.5, with a variation of as much as ±10 per cent ( 54 ). 
The other constituents of the precipitate also tend to vary, with so much 
fluctuation in the P content that use of the phosphomolybdate for exact 
gravimetric analysis was long considered impossible. The orthodox gravi- 
metric procedure was merely to use the molybdate, when necessary, to 
separate phosphoric acid from substances which might interfere with the 
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precipitation as MgNH 4 P 04 - 6 H 20 . The molybdophosphate was then 
redissolved in ammonia, from which the magnesium salt was precipitated. 
In 1901, however, Lorenz (36) prescribed conditions for precipitating and 
drying molybdophosphate which yielded a precipitate of constant phos- 
phorus content. Washed with alcohol and ether, or with acetone (42), and 
dried thirty minutes at room temperature in mcuo over sulfuric acid, the 
precipitate contains 3.295 per cent of P2O5, or 1.44 per cent of P. Lieb (35) 
finds that in micro determinations of 1 to 2 mg. of P, the P content of the 
precipitate averages 1.452 per cent. The accuracy of the method has been 
confirmed by Neubauer (42), Kuhn (32), and others. Kuhn (32), weighing 
the precipitate to within 0.01 mg. on a micro balance, obtained results with 
not over 1 per cent error from samples with only 0.03 mg. of P. The 
method has been adopted by Pregl (47) for micro-analyses. Our omission 
of it among the methods described in this chapter is due only to the reason 
that the strychnine molybdophosphate precipitate, next described, has been 
found even better adapted to micro gravimetric analyses of biological 
material. 

Precipitation and weighing as strychnine phosphomolyldaie. When phos- 
phoric acid and molybdate are mixed in the presence of an alkaloid base 
instead of ammonia, a precipitate of alkaloid phosphomolybdate forms, in 
which the alkaloid replaces the ammonia in the molecule. Pouget and 
Chouchak (46) found strychnine to be an alkaloid particularly suitable for 
the precipitation. Embden defined conditions for its use in gravimetric 
analyses (20). For micro analyses strychnine phosphomolybdate has the 
following advantages over the ammonium phosphomolybdate : 

1. The weight of the strychnine precipitate is greater. Per 1 mg. of P 
the ammonium phosphomolybdate weighs 69 mg. and the strychnine phos- 
phomolybdate 89.3 mg. 

2. The strychnine precipitate is more insoluble and forms much more 
rapidly, 

3. The strychnine precipitate readily coagulates into large particles which 
can be more easily handled than the ammonium precipitate, and have less 
tendency to adhere to the walls of the precipitating vessel. 

4. The strychnine precipitate can be dried to constant weight in an ordi- 
nary drying oven at 100° or 110°. 

Fetter (21) and Myrbaeck (41) have applied the strychnine molybdate 
precipitation to gravimetric determination of the inorganic phosphate in 
the trichloroacetic acid filtrates of blood and plasma, and consider it the 
most accurate of micro methods for these analyses. Filtrate equivalent 
to 2.5 cc. of normal plasma gives 8 to 10 mg, of precipitate. 
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TITRATION METHODS 

Of the titration methods only one, that with uranium, is performed 
without previous isolation of the phosphate. In the other methods the 
phosphoric acid is first precipitated in one of the three ways outlined above, 
and the precipitate is measured by titrating the amount of acid the 
j\IgNH 4 P 04 neutralizes, or the amount of alkali the molybdate precipitates 
neutralize, or the amount of permanganate the molybdenum will reduce, 
after the Mo'"’' has been first reduced to Mo‘“ by the action of metallic 
Zn or Al. 

The uranium titration 

This procedure, described in 1859 by Pincus (45), has been applied, with 
slight modifications, to analysis of urine, fertilizer, and other materials. 
It is the simplest and most rapid of phosphate determinations. Albumin 
and sugar do not interfere. It depends upon the fact that when a uranium 
salt is added to a hot phosphate solution at pPI not below 5, the uranium is 
instantly precipitated, the uranium and phosphoric acid entering the pre- 
cipitate in the proportions indicated by the formula, Ur203(P04)2. Uranium 
acetate or nitrate solution is added until an excess of uranium can be de- 
tected in the titrated solution. Pincus detected this end point by mixing 
successive drops of the titrated solution on white porcelain with ferro- 
cyanide, which forms a brown color as soon as unprecipitated uranium is 
present. Malot (37), in order to obviate this somewhat tedious procedure, 
added cochineal to the titrated solution. Cochineal forms a green com- 
pound wdth uranium as soon as excess of the latter has been added. Conse- 
quently the color changes from the red of cochineal in acid solution to the 
green of the uranium-cochineal compound. The end-point is more sensitive 
than that of ferrocyanide to excess uranium. One or 2 drops of uranium 
solution added to 75 cc. of water sufifice to cause the complete color change of 
cochineal, but 0.3 to 0.4 cc. are required to make a drop of the water give 
a marked color with ferrocyanide. 

With urine some analysts prefer a combination of the two indicators. 
Cochineal is used in the titrated solution to indicate, by the green color 
formed, the approach of the end-point. Then tests with ferrocyanide are 
begun after addition of each 0.1 cc. of uranium solution. The chief essential 
is that the standardization of the uranium solution and the determination 
of the blank correction, for the amount of excess uranium to give the end 
point, shall both be carried out with the same end-point and under the same 
conditions used in subsequent analyses. 

For the precipitation of uranyl phosphate a reaction of about pH 5 is 
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required. This is obtained by adding an acetate buffer solution to the urine. 
If the method is applied to solutions containing free mineral acid (e.g., 
the HoSO-i in the ash solution obtained by wet combustion of feces, or the 
HCl in extract of Stolte ash), the acid should be neutralized before the 
buffer acetate is added. 

Du Parc and Rogovine (19) recommend sodium salicylate as indicator, 
the titrated mixture being 10 cc. of urine, 40 cc. of water and 10 cc. of 10 
per cent sodium salicylate solution, while the uranium is used S times as 
dilute as usual. The writers have found the end-point usable in colorless 
phosphate solutions, but not with strongly pigmented urines, despite the 
dilution designed to prevent interference of the urinary pigments. 

Acidimetric titration of precipitated ammonium magnesium phosphate 

At pH 4.5 to 4.8 practically all of the phosphate in dilute solutions is in 
the form BH 2 PO 4 . Several authors, already quoted in the magnesium 
chapter, have utilized this fact to titrate the precipitate. The reaction 
can be indicated by the equation: 

]MgNH4P04 + 2 HCl = MgCh -f- (NH4)H2P04 

Each molecule of phosphate neutralizes, at the end point of pH 4.5 to 4.8, 
two equivalents of acid. The titration is carried out by dissolving the pre- 
cipitate in excess of standard HCl and titrating back with standard NaOH, 
The titration can be used with as little as 2 mg. of phosphorus. Because of 
the preliminary handling of the precipitate, the analysis requires much more 
time than the uranium titration, but can be used when sufficient material 
is not available for the latter, which requires at least 10 mg. of phosphorus 
to give accurate results. 

Allialhnetric titration of the ammonium phosphomolyldate precipitate 

From the approximate formula of the precipitate (28), which may be 
written (NH 4 ) 3 P 04 - 12 H 2 Mo 04 - 2 HN 03 , it is evident that the molecule con- 
tains 26 acid hydrogen atoms. The precipitate can accordingly be titrated 
with standard alkali. Indicators, like phenophthalein or thymol blue, 
which change color at pH a little above 8, are used, in order to obtain 
complete neutralization of the H 2 M 0 O 4 . At this pH, however, ammonia 
acts as a buffer, and diminishes the sharpness of the end-point. Conse- 
quently in the most exact applications of this titration (32, 43, 51) the 
precipitate is dissolved in excess of 0.1 n NaOH and the ammonia is boiled 
off before the final titration, which is carried out by adding 0.1 n HCl, and 
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again 0.1 n NaOH to the end point. Under these conditions the titration 
reaction is represented by the equation: 

H 3 PO 4 • 12 HolMoOi • 2 HNOa + 28 NaOH = NajHPOi + 12 NaaMoO^ + 2 NaNOa 

According to this equation 1 molecule of phosphoric acid is titrated by 28 

3 1 

equivalents of alkali, and 1 cc. of 0.1 n NaOH titrates ~ = 0.111 mg. of 

phosphorus. Because the acidity of the phosphoric acid is multiplied 14- 
fold by the H2M0O4 and HNO3 attached to it, this titration is adaptable to 
micro as well as macro analyses, and has been used with samples contain- 
ing as little as 0.1 mg. of P (32, 43). 

Instead of removing the ammonia by boiling, Bang (3) combined it with 
formaldehyde by adding the latter in 40 per cent solution before the titra- 
tion was completed. Hammarsten (26) obtained a similar effect, with 
sharper end-point, by adding 2 volumes of 99 per cent acetone, in the 
presence of which ammonia becomes inert to the th3miolphthalein used 
as indicator. 

Because carbonic acid neutralizes at the end-point of the reaction an 
entire equivalent of alkali to form NaHCOs, it is important, especially in 
micro analyses, to use C02-free standard alkali and work under conditions 
preventing interference of atmospheric CO2 with the end-point. Kuhn 
(32), after boiling off the ammonia with excess 0.1 n NaOH, adds excess 
0.1 N acid and boils again, in order to remove CO2, before the final titration. 

In the preliminary handling of the precipitate, details of precipitation 
and washing must be followed minutely or variation in the composition of 
the precipitate will cause variation in the results. In Pemberton’s (44) 
macro form of the method, which is recognized by the American Association 
of Agricultural Chemists, (1), the precipitate is washed with 1 per cent KNO3 
solution, and is then redissolved in alkali and titrated without boiling off 
the ammonia. Under the conditions employed, 1 mole of PO4 titrates 
23 (instead of 28) moles of NaOH, so that 1 cc. of 0.1 n alkali is equivalent 
to 3.1/23 = 0.135 mg. of P instead of the 0.111 mg. found under the condi- 
tions used by European analysts. In Shohl and Brown’s form of the 
method, given for stools in this chapter, Icc. of 0.1 n alkali is equivalent to 
0.119 mg. of P. This difference in factors indicates the empirical nature of 
the titration. 

The titration, as developed by Neumann (43) for analyses in combination 
with wet digestion of urine, feces, and other material (see p. 69) and by 
Pemberton (44) for aggricultural analyses (1) has had a wide application. 
The data in the literature (26, 32, 43, 51, 52) leave no doubt that it can give 
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accurate results, both in macro analyses, and in micro analyses of amounts 
of phosphorus down to 0.1 mg. The empirical dependence of the composi- 
tion and alkali neutralizing power of the precipitate on the conditions of 
precipitation makes it essential, however, to observe strictly the prescribed 
conditions in obtaining the precipitate, and the disturbing effect of CO 2 on 
the end-point must be guarded against, in order to avoid errors. The labor 
required equals that for gravimetric analyses with porous crucibles when 
modern equipment is available for ignition of Mg 2 P 207 or drying of the 
strychnine molybdate, and the sources of error are more numerous in this 
titration than in either of the gravimetric methods or the uranium titration. 
The ammonium phosphomolybdate titration requires less material than the 
uranium titration, and may be used for stools when the available amount is 
limited, and a volumetric method is required. For this purpose Shohl and 
Brown’s application of the method will be described, 

Alkalimetric titration of the strychnine phosphomolybdate precipitate 

The strychnine molybdate precipitate can also be dissolved in excess of 
standard alkali and determined by titration. Myrbaeck (41) has utilized 
this technique. The alkaloid can not be removed, like ammonia, by distil- 
lation, and the titration must be carried out in its presence. Otherwise 
it is essentially the same as titration of the ammonium phosphomolybdate 
precipitate. Myrbaeck found that 1 millimole (31 mg.) of phosphorus was 
equivalent to 19 millimoles of NaOH in the titration, or that 1 cc. of 0.1 n 
NaOH was equivalent to 3.1/19 = 0.163 mg. of P. Because of the conven- 
ience with which the preliminary handling of the strychnine phospho- 
molybdate precipitate can be carried through, this titration promised an 
alternative to colorimetric methods for micro analyses of blood. The 
writers, however, have not been able to obtain consistent results with it. 

Permanganate titration of molybdenum in phosphomolybdate precipitate 

Deniges (13) has shown that Mo'^* can be reduced to by boiling 

with aluminum foil in sulfuric acid solution, and that the reduced Mo“‘ 
can be titrated back to Mo'"^ by permanganate. Javillier and Djelatides 
(29) showed that this method can be applied to the redissolved ammonium 
phosphomolybdate precipitate. In this application, 1 cc. of 0.1 n per- 
manganate is equivalent to 0.09 mg. of phosphorus. Javillier and Djelatides 
found that in determination of amounts of phosphorus exceeding 0.5 mg. 
the error was usually less than 1 per cent, but that if the sample contained 
only 0.1 mg. of P the error might be 5 or 10 per cent. They attributed the 
error to the difficulty of quantitative handling of small amounts of ammo- 
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nium phosphomolybdate precipitate rather than to the titration. The 
writers have not had experience with this method. Like the alkalimetric 
titration of the same precipitate, it appears to require minute attention to 
detail, and about the same number of operations. 

COLORIMETRIC METHODS 

For quantities of phosphorus less than 0.1 mg,, such as are encountered 
in determining the PO 4 in 1 cc. samples of serum, the most practicable 
methods at present available without use of the microbalance are colori- 
metric. They are not so precise as the gravimetric methods carried out 
with larger amounts of material, and consequently colorimetric methods are 
recommended for urine and feces only when unusually small amounts 
are available. 

With the Tisdall method (53), which in the authors’ laboratories has 
given the best colorimetric results, the error can be kept within rt 2 or 
3 per cent, and colorimetric comparisons can be carried out with accuracy 
when the unknown varies from 60 to 150 per cent as concentrated as the 
standard. With the modifications of the Bell-Doisy procedure the unknown 
should be within 20 per cent of the standard in order to avoid increasing 
the error, which is difficult to keep below ±5 per cent. 

All the methods that at present are in general use depend upon the 
measurement of the blue or green color which is developed when the Mo"^* 
of the molybdic acid is reduced to Mo“‘ or intermediate forms.^ 

Colorimetric determinations on phosphomolybdate precipitates {Tisdall) 

The reduction was at first applied to the molybdic acid precipitated as 
ammonium phosphomolybdate. Taylor and Miller (52) redissolved the 
precipitate, and reduced the Mo''^ by means of phenyl hydrazine. Tisdall 
(53) precipitated as strychnine phosphomolybdate, redissolved this in alkali, 
and reduced the Mo''^ with ferrocyanide, obtaining a greenish solution well 
adapted to colorimetry. The color is presumably a mixture of that of the 
blue molybdenum compound and the yellow of the ferricyanide produced 

1 The first colorimetric micro method appears to have been that of Pouget and Chou- 
chak (46), who in 1905 precipitated the highly insoluble strychnine phosphomolybdate 
in very dilute solution, and measured the amount by the depth of the yellow color of the 
suspension while the latter was still colloidal. Greenwald (25) found the method satis- 
factory. Kober and Egerer (31) measured the same suspensions with a nephelometer, 
and their technique was adopted by Bloor (6, 7) for his studies of phospholipoids. These 
procedures appear at present to have been entirely displaced from general use' by methods 
in which the blue color of reduced molybdenum is measured. 
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bv the reaction from ferrocyanide. Since proportional amounts of the two 
colored products are produced, the resulting color is constant. Tisdall’s 
method, published in 1922, has stood well the test of time. The preliminary 
precipitation and washing by centrifugation of the strychnine phospho- 
molybdate make the procedure longer than the direct determinations next 
discussed, but in the experience of the writers the relatively greater accuracy, 
and freedom from disturbing effects of other substances, make the Tisdall 
method the one of choice among the colorimetric procedures at present 
available. Convenience and accuracy in this method are augmented by 
the fact that the volume of the centrifuged strychnine phosphomolybdate 
serves as a close appro.ximate measure of the amount of phosphate, and 
show^s how much one must dilute the subsequent colored solution in order 
to match the standard most closely. 

Direct colorimetry withotit frecipitation {Bell-Doisy) 

A more rapid technique is based on the fact, discovered independently 
by Bell and Doisy (4) and Deniges (13), that certain reducing agents will 
reduce the Mo'’‘ of phosphomolybdic acid, and at the same time have only 
negligible effect on the Mo'’* of uncombined molybdic acid in the same solu- 
tion. As reducing agent, Bell and Doisy used hydroquinone with sulfite, 
while Deniges used stannous chloride. With these reagents it was not 
necessary to precipitate the phosphomolybdate. It sufficed to add molyb- 
dic acid and the reducing agent to the blood filtrate or other solution con- 
taining a few hundredths of a milligram of phosphate phosphorus, and the 
color developed at once. It was found that numerous substances if present 
in sufficient concentration could interfere with the color development (17, 
50), but none appear to occur in disturbing amounts in blood filtrates. 
Bell and Doisy added sodium carbonate after the color had developed, 
apparently in order to prevent turbidity 'which occasionally resulted from 
traces of protein in the blood filtrate. Briggs (10) showed that if the color 
was developed and read in acid solution there 'w^as much less rapid fading, 
and that no turbidity formed if the blood had been shaken thoroughly 
with trichloroacetic acid to precipitate the proteins. Briggs’ modification 
also obviated a bleaching effect, which was caused in the original BeU-Doisy 
procedure by oxalate and citrate in the amounts used as anti-coagulants 
(40, 15). In Deniges’ method, as in the Briggs form of the Bell-Doisy, the 
color is developed and read in acid solution. Benedict and Theis (6) added 
another definite improvement, for the minute amounts of phosphate in 
blood, by heating the mixture during development of the color, thereby 
greatly increasing its intensity. Their method is applicable to filtrates 
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from plasma and serum, but cannot be used with whole blood filtrates, 
because the heat would cause hydrolysis of some of the organic phosphates 
present. The heating offers no advantage over the Briggs method for urine 
and feces, where plenty of phosphate is present. 

Fiske and Subbarow (23) have used, in place of hydroquinone as reducing 
agent, 1, 2, 4-aminonaphthosulfonic acid, Leiboff (34) has used monomethyl- 
p-aminophenol, and Kuttner (33) stannous chloride. In the color pro- 
duced, Fiske and Subbarow’s reagent was found by them to be less affected 
than hydroquinone by various salts and by silicic acid, which with molyb- 
date and hydroquinone gives nearly as much color as does phosphoric acid. 
Leiboff recommends his reagent for its stability. Atkins and Wilson (2) 
prefer Deniges’ method, (14) with stannous chloride as reducing agent. 
For blood analyses, however, none of these reagents has yet gone through 
the test of general usage that has been met by hydroquinone. We therefore 
describe the Benedict-Theis modification of the Bell-Doisy method for gen- 
eral use in rapid micro-determination of inorganic phosphate, with the 
Briggs modification for use when heating must be avoided. 

Roe, Irish and Boyd (50) have reviewed the general precautions for the 
direct colorimetric molybdate method^ and summarized them as follows : 

Reduction of the part of molybdic acid present which is not combined 
with phosphoric occurs to some extent: it is merely so much slower than 
reduction of phosphomolybdic acid that it can be made relatively negligible 
by properly fixing conditions. Unnecessary excess of uncombined molybdic 
acid, and also of reducing agent, are accordingly to be avoided in order 
to keep reduction of the free molybdic acid down to a negligible rate. 

The intensity of color developed from phosphomolybdate depends upon 
the acidity and temperature of the solution. When developed by reduction 
of phosphomolybdate in hot solution (Benedict-Theis method), the color 
increases with increase of sulfuric acid from 0.1 n to 0.4 n, where it reaches 
a maximum. Further increase diminishes the color until at 0.9 n it is 
about 70 per cent as intense as it is at 0.4 n. A level plateau is then reached 
from 0.9 n to 1.4 n H 2 SO 4 , over which range the color is constant. Further 
increase rapidly diminishes the color. It is desirable to fix the sulfuric 
acid concentration near the middle of the plateau, at about 1.15 n H 2 SO 4 , 
in order to minimize the possibility of error from variations in acidity (50). 

When the color is developed in the cold, however, as in Briggs’ method, 
the optimum acidity for a stable color is about 0.5 n sulfuric acid (37), 

When sulfuric and nitric acid are used to destroy organic matter prelimi- 
nary to estimation of total phosphorus, the nitric acid must be completely 
removed before the colorimetric estimation. However, when the nitric 
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acid is driven off by boiling, heating of the residual sulfuric acid must not 
be carried too far, or phosphoric acid may be volatilized, or converted into 
metaphosphoric acid (55). The necessity for overheating to drive off nitric 
acid may be avoided by reducing the excess nitric acid with sulfite or by 
finishing the oxidation with hydrogen peroxide instead of nitric acid. 

CHOICE OF METHODS 
The following methods will be described: 


Weighing iSIgoPoO? 

, Weighing strychnine molybdate. Einbden 

• Uranium titration. Pincus-Malot 

i^cidimetric titration of I\Ig]SIH 4 P 04 . Fiske 

Alkalimetric titration of ammonium phosphomolyb- 

date. Sliohl and Brown 

Colorimetric on strychnine molybdate precipitate. 
Tisdall 

. Colorimetric, direct, Benedict and Theis heating 
modification of Bell-Doisy 

Colorimetric, direct. Briggs-Bell-Doisy 


imilGRAMS OF 

P TO WHICH 
METHOD 

IS APPLICABLE 

MATERUL TO WHICH 
APPLICATION OF method 
IS DESCRIBED 

10 to 100 

Urine and feces 

0.1 to 4 

Blood, urine, and 


feces 

10 to 50 

Urine and feces 

2 to 7 

Urine 

5 to 20 

Feces 

0.02 to 0.1 

Blood, urine, and 


feces 

0.02 to 0.1 

Blood, all P except 


cell inorganic 

0.02 to 0.1 

Whole blood or cell 


inorganic P 


For urine, when plenty of material is available, as in analysis of twenty- 
four-hour specimens from adults, one may use either the gravimetric 
Mg 2 P 207 method or the uranium titration, each of which requires a 50-cc. 
sample. The gravimetric method is the one of choice when maximum 
accuracy is desired, and with modern Gooch or porous glass crucibles and an 
electric muffle it is a simple matter to do many analyses in a day. The 
uranium titration is somewhat less exact, the error being about 1 per cent 
when 50 mg. of P are in the sample, and greater in proportion as the phos- 
phate content is less. This titration is, however, within its limits, service- 
able and reliable, and is the simplest and most rapid of all phosphate deter- 
minations. Its accuracy is sufficient for most purposes, and it has justified 
its place as the most used method for clinical studies, wffiich it has held 
consistently since its publication in 1859. 

When it is necessary to analyze small samples of urine, Embden’s method 
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provides an accurate gravimetric procedure, in which 5 cc. suffice for dupli- 
cate analyses. Somewhat less exact, perhaps, and requiring more manipu- 
lations, Fiske’s method provides nevertheless a titration of elegance, requir- 
ing 2 to 10 cc. of urine. The smallest quantities can be analyzed by 
TisdalFs colorimetric method, by which duplicates can be performed on 
a 0.5 cc. sample if necessary, and with an error seldom exceeding ±2 
per cent. 

For feces, after they have been ashed, the choice is in the same order as 
for urine. The ammonium molybdate titration of Shohl and Browm pro- 
vides an additional titration for samples intermediate in size between those 
desirable for the uranium titration and for the micro methods. 

For blood and serum the writers prefer either the Embden-Fetter gravi- 
metric or the Tisdall colorimetric method, depending upon the amount of 
material available and the relative facilities for weighing or colorimetry in 
the laboratory. More rapid, but less exact, are the Benedict-Theis and 
Briggs direct colorimetric methods performed without preliminary precipi- 
tation of the phosphate. Of these, the Benedict-Theis is preferable, because 
of the greater intensity of the color which it offers with the small amounts 
of phosphorus present. For the inorganic phosphate in filtrates from whole 
blood, however, the Benedict-Theis method can not be used, because the 
heating would hydrolyze the acid-soluble organic phosphate present. For 
this fraction the Briggs method, or one of its modifications (23, 34) in which 
no heat is applied, can be employed for rapid approximate results. 

Phosphorus in Urine 

The greater part of the phosphorus in urine occurs as inorganic salts of 
alkali metals. A small and variable fraction, usually about 5 per cent, is 
in combination with organic substances, glycerophosphoric acid, phospho- 
carnic acid, etc. As a preliminary to determination of total phosphorus 
it is necessary to oxidize or hydrolyze the organic fraction. The inorganic 
phosphate, on the other hand, can be precipitated directly from the un- 
treated urine. 

INORGANIC PHOSPHATE OF URINE, GRAVIMETRIC. MACKAY AND SUTLER’S 
MODIFICATION OF MATHISON’S (38) METHOD 

The following procedure was developed in the Hospital of The Rocke- 
feher Institute by Eaton M. Mackay and Allan M. Butler. It is a modifica- 
tion of a method described by Mathison (38) in which inorganic phosphorus 
is precipitated from the urine as magnesium ammonium phosphate, which 
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is ignited in the usual manner and weighed as the pyrophosphate. An 
excess of citrate prevents ionization of the calcium and minimizes contami- 
nation of the precipitate with calcium phosphate (16). The magnesium 
citrate mixture of Fiske (22) is utilized. The method can be applied even 
to .albuminous urines. 


Reagents 

Concentrated hydrochloric acid. 

Magnesium citrate mixture oj Fiske. To 265 grams of citric acid dissolved 
in 350 cc. of hot water add with stirring 13 grams of magnesium oxide free 
from carbonate. Cool the solution and add 330 cc. of strong ammonia 
water (specific gravity 0.90) . Cool and dilute to 1 liter. 

Concentrated ammonia water (specific gravite 0.90). 

Dilute ammonia solution. One volume of strong ammonia water diluted 
to 15 volumes with water. 


Procedure 

Sixty cubic centimeters or more of urine are acidified with a few drops 
of concentrated hydrochloric acid, to dissolve any precipitated phos- 
phate. The acidified urine is filtered. To 50 cc. of the filtrate, in a 250- 
cc. Erlenmeyer flask of Pyrex glass, are added 10 cc. of the magnesium 
citrate mixture and 20 cc. of strong ammonia water. The flask, closed 
with a rubber stopper, is shaken vigorously for one to two minutes. It 
is then allowed to stand at least two hours, preferably over night. At 
the end of this time the crystalline precipitate is transferred to a weighed 
15-cc. Jena glass crucible with a porous glass filtering disc of coarse 
porosity. The precipitate is washed with 100 cc. or more of dilute 
ammonia solution, which is also used, with the aid of a rubber-tipped 
stirring rod, to remove the portions of the precipitate which adhere to 
the flask. 

After drying in an oven at 100° to 120° for one-half hour, the crucible 
is set in a large covered porcelain crucible and heated, either over 
a strong burner or in a muffle furnace, to a bright red heat (about 
1100 °). 

A muffle is convenient when several analyses are done at a time. The 
crucibles are cooled, first to 150° in the muffle, finally in a desiccator, 
and weighed. After the intensity of heat necessary to ensure complete 
conv'ersion to pyro phosphate has been fixed by experience, repeated 
heating to attain constant weight is unnecessary. 
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Calculation 

0.2784 W = grams of P in sample. 


8978 W 
V 


millimoles of phosphate per liter of urine. 


278.4 TF 


grams of P per liter of urine. 


TF = grams of Mg 2 P 207 , V — cubic centimeters of urine (usually 50) in 
sample. 

The possibility of avoiding ignition by weighing the air^dried precipitate 
as MgHN 4 P 04 ■ 6 H 2 O has been discussed in the introduction of this chapter. 

INORGANIC PHOSPHATE IN URINE. GRAVIMETRIC METHOD OE EMBDEN (20) 

For discussion of the principle of this method, see page 849. This method 
provides gravimetric accuracy when amounts of urine too small for the 
magnesium phosphate method are available. 

Reagents 

The same as for the determination of inorganic phosphate in blood by the 
Embden-Fetter method (p. 873). 

Procedure 

Five cubic centimeters of urine, well mixed to suspend any insoluble 
phosphates, are measured into a 50 cc. flask. Twenty cubic centimeters 
of water are added and the flask is filled up to mark with 10 per cent 
trichloroacetic acid. The acid serves to dissolve any precipitated phos- 
phate and to precipitate any protein present. 

If the solution is not clear it is filtered after ten minutes. Twenty 
cubic centimeters of filtrate are diluted to 60 cc. with water, and the rest 
of the determination is carried out as described on page 873 for inor- 
ganic phosphate in blood. A rare urine may contain more than 2 mg. 
of phosphorus per cubic centimeter. In such a case only 10 cc. of 
filtrate are used, as the reagents are adapted to precipitation of not more 
than 4 mg. of phosphate phosphorus. 

Calculation 

0.0112 X mg. precipitate = mg. P in sample. 

The amount of phosphorus found in the sample is multiplied by 500 if 
20 cc. of filtrate were used, by 1000 if only 10 were taken, to calculate the 
phosphorus per liter of urine. 
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INORGANIC PHOSPHATE OE URINE. TITRATION WITH URANIUM ACETATE. 

piNcus (45) .\ND Malot (37) 

Reagents 

Uranium acetate standard solution, of which 1 cc. is equivalent to 2 mg. of 
phosphorus. Dissolve about 32 grams of uranyl acetate and 5 cc. of glacial 
acetic acid in water without the aid of heat and dilute to 1 liter. Titrate 
this solution against 50 cc. of a standard phosphate solution containing 
4.388 grams of IVH 2 PO 4 per liter. This solution contains 1 mg. of P per 
cubic centimeter. In the titration use \he technique described below for 
titration of urine, including correction for the blank. Adjust the uranium 
solution so that 25 cc. titrate 50 cc. of the phosphate solution. ■ 

Standard phosphate solution containing 1 mg. of P per cubic centimeter. 
Purest KH2PO4 is pulverized and dried for several days over sulfuric acid 
until its weight becomes constant. 4.388 grams are dissolved and made 
up to 1 liter in water. Five cubic centimeters of chloroform may be added 
to prevent mold formation. This standard solution is used also to prepare 
the more dilute standards used for colorimetric methods. 

Acetate bujffer solution. Dissolve 100 grams of sodium acetate and 30 cc. 
of glacial acetic acid in water and dilute to a liter. 

A 10 per cent solution of potassium ferrocyanide. 

A saturated solution of cochineal in 30 per cent alcohol. 

Procedure 

To 50 cc. of urine in a 250-cc. Erlenmeyer flask add 5 cc. of the acetate 
buffer solution, and 1 cc. of cochineal solution. Heat to boiling. 
Remove the flask from the flame and run in uranium solution from a 
burette until the change from red through pinkish gray to definite green 
is complete in the titrated solution. To match the color of the end- 
point one may use another flask in which a similar titration has just been 
completed, and to which a definite excess of uranium solution has been 
added. If one is in doubt concerning the reaching of the end-point, it is 
well to reheat the flask. Either the green may become more definite, 
or the pinkish tint may become evident, indicating that more uranium 
must be added. If more than 25 cc. of uranium solution are needed, or 
the titration is delayed so that the solution cools below 60°, it should be 
reheated before the titration is finished. Precipitation of phosphate by 
uranium is not instantaneous unless the solution is hot.- 

2 In the original method applied to urine and other solutions containing calcium salts 
as well as phosphate, it was customary to add the greater part of the uranium to the solu- 
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To obtain an end-point of maximum sharpness it is necessary to have 
enough cochineal present so that its color will dominate that of the gray 
uranium phosphate suspension. The writers have found 1 cc. of the 
extract satisfactory, but the amount may vary with different extracts. 
It is advisable to prepare enough extract for a long supply, and decide by 
test the optimum amount to use. The end-point is somewhat easier to 
detect in titration of colorless solutions than in urine. 

Some analysts prefer to use the ferrocyanide end-point. For this 
purpose it is most rapid and convenient to use cochineal to indicate the 
approach of the end-point, which is shown by cochineal before it is by 
the ferrocyanide reaction. One titrates until, from the color change of 
the cochineal in the solution, it is apparent that one is not far from the 
end. Then uranium solution is added, 2 or 3 drops at a time. After 
each addition the flask is rotated for several seconds, and then a drop of 
the titrated mixture is removed on a rod and mixed with a drop of ferro- 
cyanide on a white plate. If the mixture assumes a darker color than a 
a control drop of ferrocyanide near it on the plate, the end-point has 
been reached. It is desirable to pass a vaselined cloth over the surface 
of the plate before the ferrocyanide test drops are placed. On a greased 
or waxed surface the drops retain a hemispherical shape, and show the 
color change better than if the fluid spreads out in a thin layer. A flat 
plate or tile serves as well as the special indented plates sold for the 
purpose. 

If the urine is deeply bile-stained, it may, before the titration, be 
acidified with hydrochloric acid and decolorized by heating with a few 
drops of permanganate solution. The hydrochloric acid is then neu- 
tralized by adding a measured equivalent of ammonia or sodium hydrox- 
ide solution, the acetate buffer is added, and the titration is carried out. 

The end-point is not quite so exact in urine as in unpigmented solu- 
tions. Even in urine, however, it appears that the titration error can be 
kept within 0.25 cc. of uranium solution, corresponding to 0.5 mg. of P, 
or 1 per cent of the amount determined when the urine content is 1 gram 
per liter. If the phosphate concentration is less, the per cent error is 
greater. 


tion without heating the latter, because heat was likely to cause precipitation of calcium 
phosphate. The solution was heated only when the end-point was approached and the 
greater part of the phosphate had been precipitated by uranium. With the use of ace- 
tate buffer, however, setting the pH in the neighborhood of 5, there appears to be no 
danger of error from heating the solution before the titration is begun. In the hot solu- 
tion the color changes indicating the approach of the end-point are more easily seen. 
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A blank is run, with 50 cc, of water in place of the urine, in order to 
ascertain how much uranium solution is required to give the end-point 
by whichever of the two methods is used to detect it. 

If, for any reason, less than 50 cc. of urine are taken for an analysis, 
the volume is brought up to 50 cc. with water before the acetate solution 
is added. 

Calculation 


2 (-4 — B) = milligrams of phosphate phosphorus in sample. 


2 (.4 - B) 
V 


grams of phosphate P per liter of urine. 


64.5 U - B) 


millimoles of phosphate per liter of urine. 


,4 = cubic centimeters of uranium solution to titrate sample, B = cubic 
centimeters to titrate blanlc, and V = cubic centimeters of urine in the 
sample. 

INORGANIC PHOSPHATE OF URINE. TITRATION METHOD OP FISKE (22) 

The principle has been discussed under “Acidimetric titration of pre- 
cipitated ammonium magnesium phosphate.” 

Reagents 

Magnesium citrate mixture. Dissolve 80 grams of citric acid in 100 cc. of 
hot water. Add 4 grams of magnesium oxide and stir the mixture until 
this is dissolved. Cool the solution, add 100 cc. of concentrated ammonia 
solution, dilute to 300 cc., set it aside for twenty-four hours, and then filter. 
(If the magnesium oxide contains much carbonate it must be freshly ignited.) 

Alcohol, redistilled over sodium or potassium hydroxide. This must be 
neutral: 5 cc. should only slightly alter the color of 50 cc. of water containing 
a little methyl red which has been adjusted previously with very dilute 
alkali to an intermediate orange color. 

Methyl red, a 0.004 per cent solution in 50 per cent alcohol. 

Standard acetate mixture. Dilute 50 cc. of 2 n acetic acid, mixed with 35 
cc. of 2 N carbonate-free sodium hydroxide to 100 cc. with water. 

Ammonia solution. 2.5 volumes of concentrated ammonia solution 
diluted with water to 100 volumes. 

Paper pulp. Shake one 15 cm. ashless filter paper (e.g., Schleicher and 



864 


URINE 


Schiill, No. 589, black ribbon) with 200 cc. of water in a stoppered bottle 
until the paper is thoroughly broken up. 

Hydrochloric acid, 0.1 n. 

Sodium hydroxide, 0.1 N. 


Procedure 

To an amount of urine containing from 2 to 7 mg. of inorganic 
phosphorus, in a large (20 by 200 mm.) lipped test-tube, add enough 
water to make about 10 cc. If more than 10 cc. of urine are taken pro- 
portionally larger quantities of all reagents must be used. If more than 
20 cc. of urine are used, the prescribed fifteen minutes of shaking may 
be too short to effect complete precipitation. With urines as dilute as 
this, the method is hardly more accurate than the colorimetric micro- 
methods described below. For each 10 cc. of urine solution, 1 cc. of 
magnesium citrate mixture and 2 cc. of concentrated ammonia solution 
are added. The tube is shaken until crystallization begins and then 
gently, but continuously, for fifteen minutes longer. During the latter 
period if the mixture is merely kept in motion precipitation is greatly 
accelerated; if the solution is left motionless twelve hours may not 
suffice for complete precipitation. The mixture is filtered with very 
gentle suction by means of a special filtration tube. 

The special filtration tube is made from a piece of glass tubing about 8 
mm. in internal diameter and 120 mm. long, flanged at the upper end, 
and at the lower end contracted to a bore of 2 mm. The capacity of 
such a tube should exceed S cc. The tube is supported by a rubber 
stopper in the neck of a suction flask large enough to hold a test-tube 
with a capacity of about 50 cc. A sufficient amount of paper pulp to 
make a mat thick enough to cover the bottom of the tube is introduced 
by means of a glass tube and packed by suction. 

The precipitate and the tube in which it formed are washed first 
with 10 cc. of 2.5 per cent ammonia solution and then with four 5-cc. 
portions of alcohol,' without any attempt to dislodge the part of the 
precipitate that adheres to the walls of the test-tube. Throughout 
this procedure the filtration tube should drain into a large test-tube set 
inside the suction-flask in order to keep the flask dry. It is well to 
wash out the receiving test-tube between the second and third alcohol 
washings. Remove the filtration tube from the suction-flask and sup- 
port it by a clamp with its lower end in the mouth of a 100-cc. Erlen- 
meyer flask. With a calibrated pipette or micro-burette introduce into 
the test-tube where the phosphate was precipitated 0.1 n hydrochloric 
acid, 1 cc. at a time, until, on shaking, the precipitate which still adheres 
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to the walls dissolves completely. The resulting solution is poured into 
the filtration tube. By means of a stiff, sharpened, nichrome wire, pre- 
cipitate and paper mat are now poked through the 2-mm. hole of the 
filtration tube into the Erlenmeyer flask. The test tube and filtration 
tube are rinsed with 2 cc. of methyl red solution followed by 13 cc. of 
of water. To the contents of the flask 0.1 n hydrochloric acid is added 
from a burette, 1 cc. at a time, until the solution remains red after it has 
been shaken thoroughly. At least 0.5 cc. of hydrochloric acid in excess 
of the amount required to decompose the precipitate should be added 
The solution is poured back and fourth between the test tube and flask 
until the precipitate is completely dissolved; then the few drops still 
remaining in the test tube are rinsed into the flask with 5 cc. of water. 

The solution is now titrated with 0.1 n sodium hydroxide from a micro 
burette graduated into 0.01 or 0.02 cc. divisions. The alkali is added 
until the color begins to change, then the titration is completed by the 
introduction of 0.01 cc. of alkali at a time until the last addition causes 
the unknown solution to become definitely yellower than the standard. 
The volume of solution in the flask at the end of the titration should not 
be much greater than 25 cc. 


Calculation 

l.SS (j4 — B — C) = milligrams of phosphate P in sample. 


1.55 {A - B - C) 


= grams of phosphate P per liter of urine. 


— = millimoles of phosphate per liter of urine. 

A = cubic centimeters of 0.1 n hydrochloric acid, B = cubic centimeters 
of 0.1 N sodium hydroxide, used in the titration, C = value oi A — B found 
in a blank determination on the reagents; V = the cubic centimeters of 
urine taken for analysis. 

INORGANIC PHOSPHATE IN URINE. TISDALL’s COLORIMETRIC METHOD ( 53 )® 

Reagents 

The same as for the Tisdall method applied to determination of inorganic 
phosphate in serum (p. 875). 

3 Tisdall described the application of his method only to serum. However Dr. Alma 
Hiller (unpublished results) has found that, as above outlined, it is entirely satisfactory 
for urine, and in fact preferable to other colorimetric methods that were tried. 
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Procedure 

The urine is well mixed to bring particles of insoluble phosphates 
into uniform suspension. One volume of urine (1 to 5 cc.) is mixed 
in a volumetric flask with approximately 4 volumes of water, and suffi- 
cient 10 per cent trichloroacetic acid is added to make the total volume 
10-fold that of the sample. After ten minutes the solution, if not clear, 
is filtered. 

One cubic centimeter of the filtrate is measured into a 15~cc. gradu- 
ated centrifuge tube and diluted to 6 cc. with water. Two cubic centi- 
meters of strychnine molybdate solution are added. The procedure 
from this point is the same as in the analysis of serum, outlined on page 
875. 


Calculation 


0.5 .9 
U 


grams of inorganic phosphorus per liter of urine. 


16.1 S 


millimoles of phosphate per liter of urine. 


The above formulae hold when the solution of redissolvecl strychnine 
phosphomolybdate of the unknown is made up to 100 cc. When the 
unknown is made up to 50 cc. the results are divided by 2. If only half the 
redissolved precipitate is used, the result is multiplied by 2. If a urine is 
very low in phosphate content it may be desirable to take 2 cc. or more of 
the trichloroacetic acid filtrate for analysis instead of 1 cc. In this case 
the result calculated as above outlined is divided by the number of cubic 
centimeters of filtrate used. 

To cover these conditions the usual formulae given above are expanded 
into the following; 

0.5 5 1 1 V 

-jjr~ X - X — X — = grams of inorganic phosphorus per liter of urine. 

16.1 5 1 1 

— — — X “ X - X — = millimoles of phosphate per liter of urhie, 

6' = reading of standard, U = reading of unknown, F = cubic centimeters 
of trichloroacetic acid filtrate used for analysis, P = fraction of redissolved 
precipitate used for colorimetric determination, v = volume to which the 
final colored solution is made. 
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TOTAL PHOSPHORUS IN URINE 

The total phosphorus ma}^ be obtained b}’ ashing the urine by either the 
wet or dry method, described on pages 69 to 70, and determining the 
inorganic phosphate by any of the above described methods. Presumably, 
since all the known physiological organic phosphorus compounds are hydro- 
lyzable phosphoric acid combinations, ashing is unnecessary, and boiling the 
urine with dilute mineral acid would be sufficient to change all the phos- 
phorus into free phosphoric acid. 

Phosphorus in Feces 

Part of the phosphorus is in organic combination. It is necessary to 
determine total and inorganic separately, if values for both organic and 
inorganic phosphates are desired. Ordinarily only total phosphorus is 
determined. 

The phosphorus content of the feces varies greatly, so that it is difficult 
to predict the size of samples to take in order to obtain optimum amounts 
of PO 4 for the type of analysis used, unless one has knowledge of the regime 
of the subject. A gram of phosphorus in 50 grams of dried stool may be 
assumed for purposes of calculating samples, if data are not available to 
estimate more closely for the subject under e.xamination. 

inorganic phosphate 

0.5 to 1 gram of dried, pulverized stool (p. 78) is transferred to a 100 
cc. measuring flask and suspended in a few cubic centimeters of water. 
A few cubic centimeters of 5 per cent trichloroacetic acid are added to 
coagulate the proteins, and then enough to fill the flask to the mark. 
The mixture is thoroughly shaken, and is filtered. 

An aliquot of 10 or 20 cc., containing 1 to 4 mg. of inorganic P, may be 
diluted to 60 cc., and treated with strychnine molybdate solution, for 
gravimetric determination of PO 4 by the Embden method described on 
page 873 for blood filtrates. 

It is probable also that, with samples of about 2 cc., the Tisdall colori- 
metric procedure, described on page 875, could be used. 

total phosphorus in eeces. gr-Avimetric magnesium pyrophosphate 

METHOD 

Two grams of dried feces may be ashed by either the Neumann or the 
Stolte method (pp, 69 and 70). Or 25 cc. of the stool suspension in 25 
per cent sulfuric acid, described on page 78, may be concentrated in a 
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jKjeldahl flask and wet ashed with the addition of nitric acid or hydrogen 
peroxide. The acid solution of fecal ash is diluted to 50 to 60 cc. If a 
wet ashing method has been used the solution is boiled to transform 
back into orthophosphoric acid any portion that may have been changed 
into metaphosphoric. Magnesium citrate is then added, as described 
on page 859 for urine analysis. After the magnesium solution is added 
(not before, or calcium phosphate would precipitate) enough concen- 
trated ammonia solution is added to neutralize the acid present, then 20 
cc. additional ammonia. The rest of the analysis is carried out as 
described for urine. 

TOTAL PHOSPHORUS IN FECES. GRAVIMETRIC STRYCHNINE MOLYBDATE 

METHOD 

This is an application of the Embden-Fetter technique for total phos- 
phorus in blood. Sufiicient of the solution of fecal ash to contain 0.5 to 
4 mg. of phosphorus (the P in the ash of about 0.1 gram of dry feces, 
or of 2 cc. of the stool suspension in 25 per cent sulfuric acid described on 
page 78 will ordinarily fall within this range) is neutralized to brom 
phenol blue with concentrated ammonia solution, and is then slightly 
acidified and diluted to 60 cc. volume. The PO4 is precipitated with 20 
20 cc. of strychnine molybdate solution, and is determined as described 
on page 873 for inorganic phosphate in blood filtrates. 

For the preliminary ashing one may find it convenient to apply the 
technique described on page 880 for total blood phosphorus. 

TOTAL PHOSPHORUS IN FECES. TITRIMETRIC URANIUM METHOD 

The ash solution is prepared as described above, for the gravimetric 
magnesium pyrophosphate method. One dop of phenol red solution is 
added and the acid in the solution is neutralized with concentrated 
ammonia water. If much acid is present the solution should be cooled 
under the tap occasionally during the addition of the ammonia in por- 
tions. About 3 cc. of ammonia will be required for each cc. of concen- 
trated sulfuric acid present. The solution in the presence of much 
strong acid, is at first rose colored. As ammonia is added it as- 
sumes the usual yellow color of dilute acid solutions, and when excess 
ammonia is present the alkaline red color of the, indicator appears. 
Enough glacial acetic acid is added, a drop at a time, to turn the solution 
acid to the phenol red. The solution is then diluted to 50 cc. and the 
titration is carried out as described for urine. 
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TOTAL PHOSPHORUS IN PECES. TITRMETRIC PHOSPHOIIOLYBDATE METHOD 
OP SHOHL AND BROWN'^ 

The preliminary treatment of the feces is designed to permit the deter- 
mination of both phosphorus and calcium. Dry ashing has been preferred 
to digestion with sulfuric and nitric or hydrochloric and nitric acids. The 
ash is dissolved in nitric acid and neutralized, and the phosphorus precipi- 
tated as ammonium phosphomolybdate. Formaldehyde and an excess of 
sodium hydroxide are added. The excess is titrated with acid and the phos- 
phomolybdate estimated by difference. 

Reagents 

Concentrated nitric acid. 

Concentrated ammonium hydroxide solution. 

60 per cent ammonhwi nitrate solution. 

Molybdate solution. Dissolve 100 grams of molybdic acid anhydride 
(M0O3) in 144 cc. of strong ammonia water (specific gravity 0.90) and 271 
cc. of water. Slowly and with constant stirring pour the solution thus 
obtained into a nitric acid solution which has been prepared by mixing 489 
cc. of concentrated nitric acid (specific gravity 1.42) with 1148 cc. of water. 
Keep the mixture in a warm place for several days, until a portion of it 
when heated to 40°C. deposits no yellow ammonium phosphomolybdate. 
Decant the solution from any sediment which has formed and preserve it 
in glass stoppered bottles. When the solution is required for phosphate 
analyses 5 cc. of concentrated nitric acid should be added to 100 cc. of the 
stock molybdate solution. 

One per cent potassium nitrate soUition (neutralized to thymol blue, if 
necessary, with sodium hydroxide). 

0.04 per cent solution of thymol blue and 0.05 per cent methyl red (see table 

68, p. 812). 

Forty per cent formaldehyde, “reagent” grade (neutralized to thymol blue, 
if necessary, with sodium hydroxide or hydrochloric acid). 

Boiled and cooled distilled water, neutral to thymol blue, pH 9 for 
washing. 

0.419 N sodmm hydroxide (1 cc. of this solution is equivalent to 0.5 mg. 
of P). 419 cc. of 1 N solution are diluted to 1 liter. 

* A. T. Shohl and H. B. Brown, personal communication. 

For discussion of the principle of the ammonium phosphomolybdate titration, see 
page 851. 
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0.41P nitric acid. 

The alkali must be prepared from carbonate free sodium hydroxide and 
standardized by titration against standard acid, using thymol blue at 
its alkaline end-point as indicator. The phosphorus equivalent per cc. of 
the alkali must be confirmed by analyses of standard phosphate solution. 

Procedure 

Preliminary preparation of stool. The stool is treated with 
alcohol, dried, pulverized and mixed by sieving as described on page 78. 

Ashing of stool. From 0.5 to 4 grams of dried, pulverized feces, 
accurately weighed, are placed in a platinum crucible. The mixture is 
then ashed, either slowly below red heat (about 400°C.) in an electric 
oven, or by the Stolte method (see p. 70). 

The ash is treated with 3 to 5 cc. of water and about 1 cc. of concen- 
trated nitric acid and heated, if necessary, until it is practically dissolved. 
It is then filtered through an ash-free filter into a 100 cc. volumetric flask, 
and crucible and filter paper are carefully washed into the flask with 
four or five 5-cc. portions of hot water. To the filtrate after it has cooled 
are added 3 drops of methyl red and concentrated ammonium hydroxide 
is introduced, drop by drop with constant shaking, until the indicator 
becomes a faint definite pink (an excess of ammonium causes precipita- 
tion of calcimn salts). The solution in the flask is now cooled and 
diluted to volume with water. 

Precipitation of phosphomolybdate. An aliquot of the filtrate 
containing 10 to 15 mg. of P (usually about 25 cc.) is transferred to a 
250-cc. wide-mouthed Erlenmeyer flask or beaker. Twenty-five cubic 
centimeters of 60 per cent ammonium nitrate and water to make 100 cc. 
are added. The flask is heated on a water bath to a temperature of 60 
to 65° (not higher), and 30 to 40 cc. of molybdate solution are added. 
The mixture is well stirred and allowed to stand about fifteen minutes 
at 60° to 65°. It is then filtered at once through a small ash-free filter, 
or better, by suction through a small Caldwell crucible lined with a layer 
of specially prepared asbestos | inch thick.® The precipitate in the flask 

® The Caldwell crucible is similar to a Gooch except that the perforated plate at the 
bottom is separate and detachable from the remainder of the crucible. 

A suitable quality of asbestos is essential. It can be prepared by shredding or cutting 
asbestos into small pieces, covering them with dilute hydrochloric acid (1 part concen- 
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is washed twice, by decantation, with 25-cc. portions of 1 per cent potas- 
sium nitrate. The precipitate is stirred up well each time and then 
allowed to settle before the washings are poured through the filter. 
The precipitate is transferred to the filter and washed with 1 per cent 
potassium nitrate until two fillings of the filter (collected separately) do 
not greatly diminish the color produced with phenolphthalein by 1 drop 
of the standard alkali. 

Titration of the phosphomolybdate. Precipitate, asbestos pad, 
and perforated disc of filter are transferred back to the original flask or 
beaker with about 25 cc. of water, which is also used to wash the filter. 
The precipitate is dissolved by the addition of a small excess of 0.419 n 
sodium hydroxide, measured from a burette. Two or 3 cc. more alkali 
are added than is required to dissolve completely the yellow precipitate. 
The asbestos is removed by filtration through a Gooch crucible and 
washed with boiled and cooled neutral water. This gives a clear solu- 
tion and makes the end point of the subsequent titration sharper than 
with the asbestos present. The solution is diluted to about 100 cc. with 
boiled and cooled neutral water and a few drops of thymol blue are intro- 
duced. The solution should be blue, indicating the presence of an 
excess of sodium hydroxide. Five cubic centimeters of neutral formal- 
dehyde are added. If the solution does not remain blue more alkali 
must be added at this point. The solution is then titrated to the neutral 
point with 0.419 n nitric acid. 


Calculation 

0.5 (Aik. — Ac. — B) = milligrams of P in sample titrated. 

0.01615 (Aik. — Ac. — B) = millimoles of phosphate in sample. 

Aik. = cubic centimeters of alkali solution used in the titration, Ac. = cubic 
centimeters acid used, B = value of (Aik — Ac) found in a blank 
analysis. 


trated HCl to 3 parts water) and heating the mixture on a boiling water bath for five 
hours. The asbestos is then filtered off in a Gooch and washed free of acid. It is then 
covered with 5 per cent sodium hydroxide and heated as before for three hours. It is 
then filtered again and washed first with water, then with dilute acid and finally with 
water again until the acid has been removed. The finer particles are removed by de- 
cantation, leaving moderately coarse asbestos for use. In laying the asbestos in the cru- 
cible suction must not be applied to the filter until almost all the water has run out. 
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To estimate the P content of the stool of an entire period the phosphorus 
found in the sample titrated is multiplied by the factor: 

weight of stool ^ 100 

weight of portion ashed cubic centimeters of ash solution titrated 

TOTAL PHOSPHORUS IN FECES. TISDALL’s COLORIMETRIC METHOD 

A portion of solution of fecal ash is neutralized with ammonia, then 
slightly acidified with nitric acid, and brought to such a volume that the 
phosphorus content is between 0.03 and 0.15 mg. per cubic centimeter. 
A portion of 1 cc. is then diluted to 6 cc. in a 15-cc. centrifuge tube. Two 
cubic centimeters of strychnine molybdate solution are added, and the 
phosphate content is determined as described for inorganic phosphate 
in serum on page 875. 


Phosphorus in Blood 

PRECAUTIONS IN HANDLING BLOOD FOR PHOSPHORUS DETERMINATIONS 

The determination most frequently required in clinical work is the inor- 
ganic phosphorus of the plasma, normally only about 3 to 5 mg, of P per 
100 cc. In the cells there is a relatively huge supply of organic phosphorus 
(50 to 100 mg. per 100 cc.). The phosphoric acid of this fraction is ex- 
tremely labile. If hemolysis is prevented in freshly drawn whole blood, 
the organic acid-soluble fraction may increase for two or three hours by 
esterification at the expense of the inorganic phosphorus. Later the reac- 
tion reverses, and it is ' immediately reversed by hemolysis, the organic 
acid-soluble phosphorus hydrolyzing rapidly to inorganic. 

If whole blood or cells are to be analyzed for inorganic or acid-soluble 
phosphorus, the proteins should be precipitated with an acid coagulant, 
without previous laking of the cells (23, 39), in order to prevent hydrolysis 
of organic phosphoric acid esters. The determination of inorganic phos- 
phate in the filtrate must be made by a method which avoids heat, and 
should be carried out soon after the filtrate is obtained, because allowing 
the acid solution to stand, even at room temperature, may cause a slow acid 
hydrolysis of the organic phosphoric esters. 

When the plasma or serum phosphate is to be determined, the blood 
should be centrifuged quickly after it is drawn, and hemolysis must be pre- 
vented, in order to avoid spontaneous hydrolysis of organic cell phosphorus 
into inorganic. There is so little, if any, acid-soluble organic phosphorus 
in the plasma, however, that after the proteins have been precipitated the 
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plasma filtrate may even be heated with dilute sulfuric acid without sig- 
nificantly increasing the inorganic phosphate content (6). 

inorganic phosphate of SERUM, PLASMA OR BLOOD, GRAVIMETRIC EMBDEN- 
FETTER ilETHOD (20, 21) 

The PO4 is precipitated as strychnine molybdophosphate, w^hich is dried 
at 110° and weighed. One milligram of P yields 89.3 mg. of precipitate. 
(For discussion of the method, see p. 8-19.) 

To obtain a quantitative precipitate of this constant composition it is neces- 
sary that in all analyses 1 volume of strychnine molybdate solution be added to 
3 volumes of phosphate solution, and that the phosphate, solution at the time of 
the addition shall not contain mineral acid in more than 0.5 x, nor alkali in 
■more than 2 x concentration {20, 49). The ma.ximum amount of phosphorus 
precipitable per cubic centimeter of strychnine molybdate solution is 0.2 mg. 
If these conditions are observed, the method can be applied over a wide 
range of volumes and amounts of phosphate; e.g., in this analysis 20 cc. 
of strychnine molybdate solution are added to ‘60 cc. of blood filtrate, while 
in Tisdall’s method, described next, the respective volumes are 2 and 6 cc. 

Reagents 

Molybdate solution. Fifty grams of ammonium molybdate are dissolved 
in w'arm water and made up to 150 cc. The solution is then poured into 
450 cc. of a nitric acid solution which has been made by mixing 2 volumes 
of concentrated nitric acid (specific gravity 1.42) with 1 volume of water. 

Strychnine nitrate solution. Three grams of strychnine nitrate are made 
up to 200 cc. with water. 

Strychnine molybdate solution. One volume of strychnine nitrate solution 
is poured with stirring into 3 volumes of the above molybdate solution. 
This strychnine molybdate solution is prepared fresh for each analysis. 

Trichloroacetic acid, 10 per cent solution. The solution is tested for phos- 
phates by blank analysis. If any precipitate is obtained with strychnine 
molybdate, the trichloroacetic acid is purified by distillation in vacuo. 

Procedure 

Five cubic centimeters of blood, plasma, or serum are measured into a 
50-cc. flask containing 25 cc. of 10 per cent trichloroacetic acid.^ The 

® Fetter laked the whole blood before precipitating the proteins. As stated in the 
preceding discussion of the treatment of blood, this procedure is likely to cause error from 
hydrolysis of organic phosphoric acid esters. 
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flask is filled to the mark with water and, after about 15 minutes, the 
contents are filtered. Twenty-five cubic centimeters of the filtrate, 
equivalent to 2.5 cc. of blood or plasma, are diluted to 60 cc., and 20 cc. 
of the strychnine molybdate solution are added. The mixture is 
allowed to stand at room temperature for one hour, with occasional 
shaking, for the precipitation to become complete. The contents of the 
flask are filtered through a small Gooch crucible or a filter tube of the 
type described by Shohl (fig. 85, p. 742), which has previously been dried 
at 110°, cooled in a desiccator, and weighed. It is important to use 
only gentle suction during filtration. A mercury air valve (fig. 45, p. 
302) regulating the suction at about 100 mm. of mercury, may be used to 
advantage. Particles of precipitate which adhere to the flask are rinsed 
into the Gooch crucible with 25 cc. of ice-cold 5-fold diluted strychnine 
molybdate solution. The precipitate is then washed with ice-cold water 
until the washings are no longer acid. During the washing, as soon as 
one portion of fluid has been drawn through the crucible another portion 
is added, or else the suction is stopped. If suction is continued without 
fluid in the crucible, the precipitate becomes divided by cracks, through 
which subsequent portions of wash water will run, without making con- 
tact with most of the precipitate. The crucible is dried for an hour at 
110°, cooled in a desiccator, and weighed. 

Calculation 

0.0112 IF = milligrams .of phosphate P in sample. 

1,12 IF 

= milligrams of phosphate P per 100 cc. of blood or plasma. 


0,361 IF 


millimoles of phosphate per liter of blood or plasma. 


IF = weight of precipitate in milligrams, V = cubic centimeters of blood 
or plasma represented in the sample. 

When, as above directed, filtrate equivalent to a blood sample of 2.5 cc. 
is used, the calculations simplify to: 

0.448 IF = milligrams of phosphate P per 100 cc. of blood or plasma. 

0.1442 IF = millimoles of phosphate per liter. 

Note: The weight of precipitate obtained in analysis of normal plasma 
as above described is usually 8 to 12 mg. When the technique of ordinary 
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macro gravimetric analysis is used, tire accuracy of results could doubtless 
be increased by using larger blood samples. The final volume and condi- 
tions at which the precipitation is made, however, should not be altered as, 
according to Embden, the phosphorus content of the precipitate is constant 
at the figure given only under the prescribed conditions of precipitation 
Any amount of phosphorus up to 4 mg. nia3’' be determined by this 
method. 

INORG.A.NIC PHOSPH.ATE OF SERUM OR BLOOD. TISDALL’s COLORIMETRIC 
DETERMIN.A.TION ON EMBDEN PRECIPITATE (53) 

Proteins are removed with trichloroacetic acid, phosphate is precipitated 
with str^xhnine mol^^bdate, and the Mo' * of the precipitate is reduced to a 
green product bj' means of ferrocy^anide. (For discussion of the method 
in comparison with other colorimetric procedures, see p. 854.) Tisdall 
described the method only for serum, but there is no apparent reason 
why it can not be applied, like the Embden-Fetter method, to whole 
blood also. 


Reagents 

All the reagents described above for the Embden-Fetter gravimetric method 
are used. The trichloroacetic acid for the Tisdall serum analysis should 
be 6 per cent, however, instead of 10 per cent. 

In addition, the following are required: 

One per cent NaOH solution. 

Twenty per cent potassium ferrocyanide. Twenty grams of K4Fe(CN)6 
dissolved in water and made up to 100 cc. 

Concentrated HCl solution. 

Standard phosphate solution contaming 5 mg. of P per 100 cc. The same 
stock solution, containing per liter 4.388 grams of KH2PO4, serves for this 
analysis as for the uranium titration. Five cubic centimeters of the stock 
solution are made up to 100 cc. with water. 

Procedure 

Precipitation of protein. Two cc, of serum are transferred to a 
15-cc. centrifuge tube and to this are added 10 cc. of a 6 per cent solu- 
tion of trichloroacetic acid. The mixture is thoroughly mixed with the 
aid of a glass rod and allowed to stand for four minutes. It is then 
centrifuged for four to five minutes at about 1500 revolutions per minute 
and the supernatant fluid poured off. 
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Of whole blood, 2 cc. may be precipitated with 10 cc. of 10 per cent 
trichloroacetic acid. 

Precipitation of phosphorus with the strychnine molybdate 
reagen t. Five cubic centimeters of the supernatant fluid are measured 
into an ordinary 15-cc. graduated centrifuge tube, the outside diameter 
of which is 6 to 7 mm. at the 0.1-cc. mark. Water is added to bring the 
volume to 6 cc., followed by 2 cc. of the strychnine molybdate reagent. 
This should be added drop by drop, and the tube shaken three or 
four times during the addition. The contents of the tube are then 
thoroughly mixed by holding the tube at the upper end and tapping the 
lower end with the finger to give it a circular motion. The contents are 
allowed to stand for 10 minutes, during which time they are thoroughly 
mixed twice as outlined above. 

Washing of precipitate. After the ten minutes have elapsed the 
tube is centrifuged at 1500 revolutions per minute for three minutes, the 
supernatant fluid is poured off and the mouth of the tube wiped with a 
dry cloth. Three cubic centimeters of water are allowed to run down 
the sides of the tube to remove any adherent supernatant fluid. The 
residual supernatant fluid (about 0.1 cc.) is thoroughly mixed with the 
added water by tapping the lower end of the tube with the finger to give 
it a circular motion, while the precipitate is disturbed as little as possible. 
The mixture is centrifuged for one minute at 1500 revolutions per min- 
ute, the supernatant fluid is poured off and the above procedure repeated, 
making two washings in all. 

Development of color. After the final supernatant fluid has been 
removed, 2 cc. of a 1 per cent solution of NaOH are added and the con- 
tents mixed with the aid of a glass rod. This causes all the precipitate to 
go into solution. Water is added to 10 cc. and the contents are trans- 
ferred to a 100-cc. glass-stoppered volumetric flask. Traces of the 
solution remaining in the centrifuge tube are washed into the flask by 
means of two lots of 10 cc. of water, so that the total volume of fluid in 
the flask is 30 cc. Twenty cubic centimeters of a 20 per cent solution 
of potassium ferrocyanide are then added, followed by 10 cc. of concen- 
trated HCl. The flask is inverted two or three times and allowed to 
stand ten minutes. Water is added to 100 cc., the contents are thor- 
oughly mixed, and the color is read in the colorimeter against the 
standard. 

Preparation of the standard. One cubic centimeter of the solu- 
tion of KH.2PO4 containing 5 mg. of P per 100 cc. is measured into a 
graduated centrifuge tube, which contains 5 cc. of water, and the con- 
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tents are thoroughly mixed. Two cubic centimeters of the strychnine 
molybdate reagent are then added drop by drop. This step, and the 
washing of the precipitate and the development of the color, are carried 
out at the same time and in the same manner with both the standard 
and the unknown. 

The volume of the precipitate. The amount of precipitate ob- 
tained in the standard solution after it is centrifuged is almost exactly 
0. 1 cc. in volume. If the amount of precipitate obtained in the unknown 
is 0. 15 cc. or more, its solution (in 1 per cent NaOH) should be made up to 
a definite volume in the centrifuge tube and an aliquot taken which would 
contain approximately 0.1 cc. of the precipitate. If the amount of pre- . 
cipitate obtained in the unknown is about one-half the amount in the 
standard, its solution should be made up to 5 cc. and transferred to a 
50-cc. volumetric flask with the use of two lots of 5 cc. of water. In all 
the subsequent steps the volumes used should be halved. 

Calculation 

0- 05 S _ J milligrams of P in portion of redissolved precipitate 

Tj ~ used for colorimetric determination. 

= milligrams of inorganic P per 100 cc. of blood or serum. 

1- 93 S ^ J millimoles of inorganic pbosphate 

U per liter of blood or serum. , ^ 

The above formulae hold when the unknown colored solution is made 
up to 100 cc. When the xmknown is made up to 50 cc. the result is divided 
by 2. If only half the redissolved strychnine phosphomolybdate of the 
unknown is used, the result is multiplied by 2. 

5 = reading of standard, U = reading of unknown. 

INORGANIC PHOSPHATE OP SERUM OR PLASMA. DIRECT COLORIMETRIC ' ^ 
METHOD OP BELL AND DOISY AS MODIPIED BY BENEDICT AND 
THEIS (6) 

Because the color is developed in a highly acid solution with the aid of 
heat this method is not applicable to the analysis of whole blood filtrates. 
(For discussion of direct colorimetric methods, the factors which influence 
the results, and the precautions required, see page 855 to 857.) 
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Reagents 

Molybdate reagent. To 20 grams of molybdic add anhydride (M0O3), 
strictly pure and free from ammonia, add 25 cc. of 5 n sodium hydroxide 
solution, and warm the mixture gently until the molybdic acid dissolves. 
Cool and dilute to 250 cc. Filter the reagent if necessary. 

Molybdate stdfuric acid reagent. A small quantity of the molybdate 
reagent (enough’Tor a few day’s use only) is diluted with an equal volume 
of concentrated sulfuric acid as it is needed. 

Hydroquinone-sulfite solution. Dissolve 15 grams of sodium bisulfite, 

■ ]>laHS03, and 0.5 gram of hydroquinone in water and dilute the mixture to 

solution stoppered to prevent oxidation by air. 

■ r^fStock standard solution of potassium dihydrogen phosphate (1 cc. contains 
1 mg. of phosphorus). This is the same solution, containing 4.388 grams 
of KH2PO4 per liter, described on p. 861 for uranium titration. 

Standard phosphate solutions for use in blood analysis. Four standards 
alfe prepared by diluting 4, 3, 2, and 1 cc. portions of the stock solution 
to 200 cc. each with a 10 per cent solution of the same trichloroacetic acid 
used for precipitation of blood proteing. If a slight trace of phosphoric 
acid is present in the trichloroacetic acid,’ error from it is thus compensated. 
The above solutions contain, in t^ 5-cc. "portions used for analyses, 0.10, 
0.075, 0.05, and 0.025 mg. of phote^orus respectively. 

Twenty per cent trichloroacetic acid. This is tested for phosphoric acid by 
boiling a 10-cc. portion for a few minutes to decompose most of the acid, 
and then adding ^..cc. of the strychnine molybdate solution described above 
for the Embdeiifi^tter method. If a significant amount of precipitate 
forms, the .trichfoiroacetic acid is redistilled in vacuo before it is used for 
blood analyses. 

Procedure 

a 

-Pipette 2 cc. of serum into a 10-cc. volumetric flask containing a little 
w^ter. Four cubic centimeters of 20 per cent trichloroacetic acid are 

^Mded. Dilute the contents of the flask to the mark w:ith water, mix and 
set aside for at least ten minutes. . Filter the liquid through an ashless 
filter paper. Transfer 5 cc. of the filtrate, equivalent to 1 cc. of serum, to 
a test tube. Add 3 cc. of water, 1 cc. of the molybdate sulfuric acid 
reagent, 1 cc. of hydroquinone sulfite solution, and mix well. At the 
same time treat 5 cc. of the appropriate phosphate standard in a similar 
manner in another tube. (For normal serum the standard with 0.05 mg., 
of P is usually closest.) Stopper both tubes loosely and stand them in a 
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boiling water bath for ten minutes. Cool to room temperature and com- 
pare standard and unknown in the colorimeter. 

Calculation 

\mD S 

— = milligrams of phosphate P per 100 cc. of serum, 

32.2 D S 

— = millimoles of inorganic phosphate per liter of serum. 


S and U represent the readings of the standard and unknown respectively, 
and D the number of milligrams of phosphorus in the standard solution (J) 
is ordinarily 0.05 mg.). 

INORGANIC PHOSPHATE OF WHOLE BLOOD. DIRECT COLORIMETRIC METHOD. 

BRIGGs’ MODIFICATION OF THE BELL-DOISY PROCEDURE (10, 5) 

For discussion of principle and conditions, see page 855. 

The Benedict-Theis procedure described above can not be used with the 
filtrate from whole blood, because it involves heating in acid solution, 
which would hydrolyze the abundant organic phosphates in the filtrate 
from the cells. The Briggs procedure does not yield so deep a color with 
the small amounts of phosphorus, but is carried out without heat. It can 
be used also for serum, but the Benedict-Theis method is preferable. 

Reagents 

Standard phosphate solution, containing 0.01 mg. of P per cubic centimeter. 
Two cubic centimeters of the stock solution, containing 1 mg. per cubic 
centimeter, described on page 861 for the.uranium titration, are diluted to 
200 cc, with a 10 per cent solution of the same trichloroacetic used to pre- 
cipitate blood proteins in the analysis. 

Ammonium molybdate solution. Dissolve 25 grams of ammonium molyb- 
date in 300 cc. of water. When solution is complete add 75 cc. of con- 
centrated sulfuric acid and make up to 200 cubic centimeters with water. 

Hydroquinone solution. Dissolve 1 gram of hydroquinone in 100 cc. of 
water and add 1 drop of concentrated sulfuric add to retard oxidation. 

Twenty per cent sodium sulfite solution. Twenty grams of anhydrous 
sodium sulfite made up to 100 cc. with water. The solution must be kept 
well stoppered to avoid oxidation by the air, or must be made up fresh, 

10 27 sulfuric acid, 300 cc. of concentrated sulfuric acid diluted with water 
to 1 liter. 
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A 20 per cent solution of trichloroacetic acid, tested as for Benedict-Theis 
nietliod. 

Frocedure 

The proteins of 2 cc. of blood or plasma are precipitated at 10-cc. 
volume as described for the Benedict-Theis method. 

Transfer 5 cc. of the filtrate, equivalent to 1 cc. of blood or plasma, to a 
10-cc. volumetric flask. In another 10-cc. flask place 3 cc. of a standard 
potassium dihydrogen phosphate solution containing 0.03 mg, of phos- 
phorus. To each flask add 1 cc. of the molybdate, 1 cc. of the hydro- 
quinone and 1 cc. of the sulfite solutions, in the order named, and dilute 
to 10 cc. with water. After thirty minutes compare standard and un- 
known in the colorimeter. 

Calculation is same as for Benedict-Theis method above. 

TOTAL PHOSPHORUS OF BLOOD, SERUM, OR PLASMA. GRAVIMETRIC EMBDEN- 
FETTER METHOD (20, 21) 

Reagents 

Same as for Embden-Fetter method for inorganic phosphate (p. 873). 

In addition, concentrated nitric and sulfuric acids. 

Procedure 

Digestion of organic matter. This is done by Neumann’s wet 
ashing method. One cubic centimeter of whole blood, or 2 cc, of serum 
or plasma, is pipetted into a hard glass or silica test tube or micro Kjel- 
dahl flask of 75 to 100-cc. capacity, which has been previously cleaned 
by boiling concentrated sulfuric acid in it for twenty minutes. Five cubic 
centimeters of a mixture of equal volumes of concentrated sulfuric and 
nitric acids are added, and a piece of quartz or a glass bead to prevent 
bumping. The tube is heated with a micro burner until white ftunes 
appear, and then for ten minutes longer. Just enough heat is applied to 
keep the tube filled with white fumes, but not enough to drive them out 
of the tube. 

Precipitation of strychnine phosphomolyhdate. The cooled 
digest is washed with water into a 250-cc. Erlenmeyer flask. Three 
drops of,brom-phenol blue are added, then concentrated ammonia until 
the solution turns alkaline, and finally just enough normal sulfuric acid 
to change the color back to acid. The solution is cooled and made up to 
60-cc. volume. Then 20 cc. of the strychnine molybdate solution are 
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added and the phosphate is determined as described above for Embden- 
Fetter inorganic phosphate. 

TOTAL PHOSPHORUS OP BLOOD^ SERUM, OR PLASiLA.. TISDALl’s COLORIMETRIC 
DETERMINATION ON EMBDEN PRECIPITATE (53) 

Reagents 

Same as for Tisdall determination of inorganic phosphate (p. 875), and 
in addition a mixture of equal parts of concentrated nitric and sulfuric acids. 

Procedure 

D igestion . The digestion is carried out as in the preceding method, 
except that only 0.5 cc. of whole blood, or 1 cc. of serum, is taken, and 2 
cc. of the mixture of nitric and sulfuric acids. After digestion the resi- 
due is transferred to a 25-cc. measuring flask, where it is neutralized, as 
in the preceding method, and made up to volume. 

Precipitation- A 10-cc. aliquot, representing 0.4 cc. of serum or 0.2 
cc. of whole blood, is pipetted into a 15-cc. graduated centrifuge tube, 
and 3.3 cc. of strychnine molybdate solution are added from a graduated 
5-cc. pipette. 

The rest of the determination is carried through exactly as described 
above for inorganic phosphate. 

Calculation 

For whole blood, when samples = 0.2 cc. of blood 

25 S 

= milligrams of total P per 100 cc. 

8.07 5 . . 

~ — = millimoles of total P per liter of blood. 

For serum, when sample = 0.4 cc. of serum 
12.5 5 

^ — milligrams of total P per 100 cc. of serum. 

4.03 S 

— ~ — millimoles of total P per liter of serum. 

The above formulae hold when the unknown solution used for colorimetry 
is made up to 100 cc. If only half the redissolved strychnine phospho- 
molybdate is used, the result is multiplied by 2. 
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TOTAL PHOSPHORUS OP WHOLE BLOOD, SERUM, OR PLASMA. DIRECT COLORI- 
METRIC METHOD. WHITEHORN’s (55) MODIFICATION OF THE 
BELL-DOISY PROCEDURE^ 

The organic matter is destroyed by digestion with sulfuric and nitric 
acids, remaining traces of nitric acid are destroyed by sulfite, and the 
phosphoric acid is determined essentially according to the Benedict-Theis 
modification of the Bell-Doisy method. 

Reagents 

M olyhdic acid. Five per cent ammonium molybdate in 2 n sulfuric acid. 
This keeps indefinitely. 

H ydroquinone. Two per cent in water. This keeps several weeks if 2 
to 4 drops of concentrated sulfuric acid per 100 cc. are added, and the 
solution is kept tightly stoppered. 

Sodium sulfite. Twenty grams of anhydrous salt dissolved in water to 
make 100 cc. In tightly stoppered bottles it may keep for months, but it 
it is advisable to prepare a fresh supply every few weeks. 

Statidard phosphate solutions. 4.388 grams of pure KH2PO4 and 20 cc. 
of concentrated sulfuric acid are dissolved in water and diluted to a liter. 
The solution contains 1 milligram of P per cubic centimeter. The stand- 
ard for use in blood analysis is prepared at intervals by diluting this strong 
standard 1 to 100 with water. 


Procedure 

Meike 0.5 volume of cells, 1 volume of blood, or 5 volumes of plasma up 
to 10 volumes with water. Transfer 1 cc. of the mixture to a hard glass 
test tube, of 25 by 200-mm. dimensions, add a quartz or glass bead, 1 cc. 
of concentrated sulfuric acid, and 1 cc. of concentrated nitric acid. 
Digest the mixture over the naked flame of a micro burner for ten 
minutes after white fumes appear. Heat just enough to keep the tube 
nearly filled with fumes, but not so strongly as to drive fumes out of 
the tube. 

Let the residue cool for three minutes. Add cautiously 2 cc. of 20 per 
cent sodium sulfite solution and another bead. Mix and heat the con- 
tents of the tube, with the burner at the same height as before, for two 
minutes. The heating should be slopped if white fumes appear, since 

’’ Whitehorn published his method for lipoid phosphorus. Its applicability to total 
blood phosphorus has, however, been ascertained by Dr. Alma Hiller (unpublished 
results). 
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the higher boiling temperature of the salt-acid mixture may convert 
orthophosphoric into pyrophosphoric acid.® 

After cooling a minute or more add 5 cc. of distilled water and cool 
the tube in cold water. 

In a similar tube place S cc. of the standard phosphate, containing 
0.01 mg. of P per cubic centimeter, then 1 cc. of concentrated sulfuric 
acid, and cool. 

Add to each tube 2 cc. of acid molybdate solution, 2 cc. of sodium 
sulfite solution, and 1 cc. of hydroquinone solution, in the order given, 
shaking after each addition. 

Transfer each solution to a 16 by 170-mm. test tube marked at 15, 20 , 
and 25 cc., rinsing with water until the volume is 15 cc. Stopper with 
clean thumb and invert twice. Set in a boiling water bath for ten min- 
utes. Cool at the tap. Add water to the standard up to the 25-cc. 
mark and mix. The unknown may be made up with water to IS, 20 or 
25 cc., whichever gives a color approximately that of the standard. 
Compare the colors in a colorimeter with the standard set at 20 mm. A 
series of 4 or 5 unknowns can be carried through with one standard. 

Calculation 

-.r-u- .no *5 100 D 0.2 5D 

Milligrams of P per 100 cc. = -r; X 0.05 X X — = 

U F 2S UV 

S iudicates the reading of the standard, U of the unknown. V is the cubic 
centimeters of blood or plasma represented in the portion of filtrate taken 
for analysis (usually F = 0.1 cc. for blood, 0.5 for plasma). D represents 
the volume in cubic centimeters to which the unknown was diluted before 
the color reading. 

ACID-SOLUBLE PHOSPHORUS IN CELLS OR -WHOLE BLOOD 

The cells or whole blood are mixed with 9 volumes of 10 per cent tri- 
chloroacetic acid. Portions of the filtrate are then digested and 
analyzed as described above for total phosphorus. Samples of the 
following volumes of filtrate are taken for the different methods of 
analysis. 

Embdenr-Fetter gravimetric, 10 cc. 

Tisdall, colorimetric, 5 cc. (for duplicates). 

® Instead of nitric acid one may use 1 gram of potassium persulfate as oxidizing agent. 
The addition of and heating with 2 cc. of sulfite then becomes unnecessary. 
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Wkitehorn, 0.5 cc. of cell filtrate or 1 cc. of whole blood filtrate. 

The calculations are the same as for total phosphorus. 

If the Tisdall method is applied to cell filtrate it will be desirable to use 
5 cc. instead of 10 cc., of the 25 cc. digested solution, for the colorimetric 
analysis. In this case the results of the whole blood calculation formulae 
on p. 881 will be multiplied by 2. 

LIPOID PHOSPHORUS OF SERUM OR PLASMA BY WET ASHING OF BLOOR’s 

EXTRACT 

This method is applicable to the analysis of Bloor’s alcohol-ether lipoid 
extract of blood, plasma or serum (see determination of hpoids, p. 495). 
The lipoids are extracted by alcohol and ether and the phosphorus content 
of the extract is determined by the total phosphorus method. Since the 
lipoids are precipitated with the proteins by trichloroacetic acid, lipoid 
phosphorus could also presumably be determined in an extract of the protein 
precipitate (17). 

Reagents 

Alcohol-ether mixture. Three volumes of redistilled alcohol and 1 volume 
of redistilled ether. 

The other reagents are the same as those used for the determination of 
total phosphorus. 

Extraction of lipoids 

Into a glass-stoppered- 100-cc. volumetric flask pour about 75 cc. of 
the alcohol-ether mixture, whirl the flask a few times and, as the con- 
tents rotate, add in a fine stream from a pipette 5 cc. of whole blood or 
plasma. Immerse the flask in hot water, continue to rotate it gently 
until the mixture boils, then cool in running water, dilute it to the mark 
with alcohol-ether, mix and.filter. Cover the funnel with a watch-glass 
during filtration and stopper the bottle containing the filtrate as soon as 
it is collected. 


Determination of phosphorus in lipoid extract 

The phosphorus content of the extract is determined by wet ashing 
and gravimetric or colorimetric analysis, by the methods described 
above for total phosphorus in blood. Portions of the extract for the 
different analyses are taken of the following volumes. 

Emb den- Fetter method, 40 cc. 

Tisdall method, 20 cc. (for duplicates). 

Whitehorn method, 10 cc. 
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The portion of extract is placed in the test tube or Zjeldahl flask in 
which the digestion is to be carried out, a glass bead is added, and the 
solution is evaporated in a water bath to dryness. The residue is then 
digested with sulfuric and nitric acids, as described for total blood phos- 
phorus by the above methods, and the remainder of the analysis, in- 
cluding the calculation, is carried out as described for total phos- 
phorus. 

COLORIMETRIC DETERMINATION OF LIPOID PHOSPHORUS OF BLOOD, PLASMA, 
OR SERUM WITHOUT OXIDATION OF ORGANIC SUBSTANCES. 

HARNES (27) 

The phospholipoids are extracted with chloroform. They are then 
hydrolyzed by the action of the sulfuric acid in Briggs’ molybdate solution 
itself, while at the same time the blue color of reduced molybdate is 
developed. 

Reagents 

Chloroform. 

Molybdate solution. Dissolve 25 grams of ammonium molybdate in 300 
cc. of water, add 75 cc. of concentrated sulfuric acid and dilute the whole 
with 125 cc. of water. 

Hydroquinone solution. Dissolve 5 grams of hydroquinone and 25 grams 
of potassium bisulfite in 500 cc. of water. 

Phosphate standards. A solution containing 0.01 mg. of P per cc. is made 
by 100-fold dilution of the stock IVH2PO4 solution described on p. 861. 

Procedure 

One cubic centimeter of whole blood, plasma or serum is spread on a 
strip of fat-free filter paper about 4 by 17 cm. in size. The blood on the 
paper is dried in an electric oven at 50°. The strip is then placed in a 
Folin sugar tube containing about 4 cc. of chloroform and fitted with a 
condenser, composed of a test tube through which water is allowed to 
syphon (see figure 91). In this apparatus the chloroform is refluxed on 
a water bath at 75°C. for three hoinrs. When the extraction is com- 
plete the chloroform is transferred to a SO cc. volumetric flask, in 
which are also placed 20 cc. of water, 3 cc. of molybdate solution, and 
3 cc. of hydroquinone solution. The unstoppered flask is immersed 
in boiling water for 30 minutes to drive off the chloroform and cause 
complete color development. A measured volume of the phosphate 
standard, usually 10. cc. containing 0.1 mg. of P, is at the same time 
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diluted to 20 cc. with water in another 50 cc. flask, and heated with 
molybdate and hydroquinone. Unknown and standard are cooled, 
made up to 50 cc. each, and compared in a colorimeter. 



Fig. 91 . Harnes’ extraction and digestion tube for the determination of lipoid phosphorus 

Calculation 

\mnS 

Milligrams lipoid P per 100 cc. = — — — 

S = reading of standard, U = reading of unknown, n = milligrams of P 
present in the standard. Since the standard contains 0.01 mg. of P per 
cubic centimeter, when the usual volume of 10 cc. is taken n == 0.1. 

Bloor has proposed a method for the determination of phospholipoids by an 
adaptation of his oxidative titration. This has been described in the chapter 
on the determination of lipoids (p. 502). 
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CHAPTER XXXII 


SULPUR 

DISCUSSION 

Methods used for sulfur in urine 

In all standard methods for the analysis of urine, sulfur is determined as 
sulfate. The inorganic sulfates can be precipitated at once as barium sul- 
fate, while neutral sulfur and ethereal sulfates must first be converted to 
inorganic sulfate by processes of oxidation and hydrolysis respectively. In 
the earlier methods sulfur was determined gravimetrically as barium sulfate. 

In 1913 Gauvin and Skarzynski (8) and, in the.next year, Rosenheim and 
Drummong (18) and Raiziss and Dubin (17) proposed the volumetric 
benzidine procedure. In this method sulfate is precipitated by benzidine 
hydrochloride as benzidine sulfate and is then titrated with alkali. Benzi- 
dine is a weak organic base which forms stable salts with strong mineral 
acids. The sulfate is insoluble, especially in the presence of excess benzi- 
dine and hydrochloric acid; its solubility is further diminished by the addi- 
tion of acetone. When sodium hydroxide is added to a suspension of benzi- 
dine sulfate, the latter is decomposed according to the reaction: 

■ H2SO4 -t- 2 NaOH = CiaHsfNHsla -h NasSO^ -1- 2 H2O 

The free benzidine is so weak a base that it is not alkaline to phenolphthalein 
or phenol red. Consequently the H2SO4 combined with it may be titrated 
as so much free acid. 

The application of this method to urine is somewhat complicated by the 
simultaneous presence of phosphates and chlorides. Benzidine phosphate 
may be precipitated with the sulfate unless the urine is made strongly acid 
with HCl. But if enough acid is added to prevent phosphate precipitation, 
the urinary chlorides, if present in maximal concentration, may significantly 
increase the solubility of the benzidine sulfate. Fiske (5) in 1912 showed 
that the methods of Gauvin and Scharzinski, and of Rosenheim and Drum- 
mond, although satisfactory for analysis of most specimens of urine, failed 
when they were applied to specimens containing maximal amounts of chlo- 
rides or phosphates. To overcome the difficulty Fiske removed the phos- 
phates. In their absence it is possible to avoid trouble from the chlorides 
by precipitating the benzidine sulfate at a lower acidity. 

890 
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Quantitative methods are also available for the determination of certain 
specific sulfur compounds in urine. For cystine Looney (15) has provided 
a colorimetric procedure. Thiosulfates can be determined by iodometric 
titration, according to Holb011 (9) and Nyiri (16). 

Methods used for non- protein sulfur in blood 

The extreme dilution of inorganic sulfate, about 1 mg. of S per 100 cc. of 
blood, has rendered unusually difficult the problem of devising even moder- 
ately accurate methods for small amounts of blood. 

In 1924 Klinke (13) proposed a micro iodometric titration. To the SO4 
solution was added a known volume of m/400 K 2 Cr 04 followed by an equal 
volume of m/400 BaCL. In the absence of SO4 both Ba and Cr04 would 
be completely precipitated as BaCr 04 , but in the presence of SO4 part of 
the Ba is precipitated as BaS 04 , leaving an equivalent of Cr 04 in solution, 
where it is titrated iodometrically. The results were not stoichiometric, 
but could be accurately interpreted by an empirical curve. The method 
was stated to be applicable to samples as small as 0.01 mg. of S, and there- 
fore to filtrates from 1 cc. of blood. It does not appear to have been adopted 
by other authors, however, nor to have been applied to blood by Klinke 
himself. 

Kahn and Postmontier (12) applied the method of Vansteenberghe and 
Bauzil (19), in which SO 4 is precipitated by excess BaCL, and the excess Ba 
is precipitated as BaCOs, which is titrated with HCl. Loeb and Benedict 
(14) determined SO 4 gravimetrically in serum filtrate. Both of these 
methods were successfully applied to clinical material by their authors, but 
required 10 cc. samples of serum. 

The methods which have been most extensively employed are those of 
Denis. In the first procedure (3) which she presented, blood proteins were 
removed with mercuric chloride and hydrochloric acid, a colloidal suspension 
of barium sulfate was produced in the filtrate by the addition of ammonium 
nitrate and barium chloride, and the quantity of sulfate was determined 
by means of the nephelometer. This procedure presents ah the difficulties 
inherent in nephelometric techniques. It requires filtrate from 3 to 5 cc. 
of blood or plasma for an analysis. Denis and Reed (4) have proposed a 
method that permits the separate determination of the several sulfur frac- 
tions of blood: total sulfur, inorganic sulfate and ethereal sulfate. This 
is a modification of Denis’s earlier nephelometric procedure with adaptions 
of the conventional methods for the different sulfur fractions. 

The principle of benzidine precipitation of sulfate appears first to have 
been applied to the determination of sulfate in small amounts of blood by 
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Yosliimatsu (21). After precipitating the sulfate from a protein-free filtrate 
of blood with benzidine in alcoholic solution, he treated the benzidine 
sulfate, redissolved in water, with a mixture of iodine, potassium iodide and 
ammonia. The brown color that develops is compared in the colorimeter 
with that of a standard solution of benzidine sulfate treated in a similar 
manner. The technique is part of a general system for the colorimetric 
analysis of blood for inorganic elements which has been developed by 
Yoshimatsu. 

Hubbard (10) and Kahn and Leiboff (11) have also determined benzidine 
sulfate precipitates colorimetrically. Hubbard utilized the yellow color 
produced by the action on benzidine of dilute hydrogen peroxide and ferric 
chloride. Kahn and Leiboff diazotized the benzidine sulfate and mixed it 
with phenol in an alkaline medium to produce a yellow color. Hubbard 
determined only inorganic sulfates. Wakefield (20) has presented certain 
modifications of the procedure which, he claims, render it suitable for the 
separate determination of the several sulfur fractions of blood or serum. An 
analysis can be done on filtrate equivalent to 1 cc. of blood or plasma. 

The methods for the analysis of blood which have been chosen for presen- 
tation, are the gravimetric method of Loeb and Benedict (14), the nephelo- 
metric procedure of Denis and Reed (4), and Wakefield’s (20) modification 
of Hubbard’s (10) colorimetric method. The authors have had no personal 
experience with blood sulfur methods; therefore this selection is more or 
less arbitrary. For the analysis of urine and feces the titrimetric method 
of Fiske (5) and the gravimetric method of Folin and Benedict (1, 6, 7) 
are offered. 

INORGANIC AND ETHEREAL SULFATES AND TOTAL SULFUR IN URINE. 

GRAVIMETRIC METHODS OF FOLIN AND BENEDICT (1, 6, 7) 

Reagents 

Dilute hydrochloric acid. One volume of concentrated hydrochloric acid 
diluted to 4 volumes. 

A 5 per cent solution of barium chloride. 

Benedict's total sulfur reagent. Dissolve 20 grams of copper nitrate 
crystals and 5 grams of potassium dilorate in water and dilute to 
100 cc. 

Procedures 

Inorganic sulfate (Folin). In an Erlenmeyer flask place about 
100 cc. of water, 10 cc. of dilute hydrochloric acid, and 25 cc. of urine. 
(If the urine is unusually dilute, take 50 cc. instead of 25 cc., and a corre- 
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spondingly smaller amount of water.) Add 10 cc. of barium chloride 
solution, drop by drop. The urine must not be disturbed while the 
barium chloride is being added. At the end of an hour or later shake 
the mixture and filter it through a Gooch crucible, which has been 
weighed after ignition and cooling in room air. Wash the precipitate 
with at least 200 cc. of water. The crucible and its contents are then 
dried, ignited, cooled and weighed. 

In igniting the barium sulfate precipitates the flame must not be 
applied directly to the bottom of the crucible or mechanical losses will 
occur. The Gooch crucible is dried at 100° to 120°, is then placed inside 
an ordinary porcelain or silica crucible, and the flame is applied to the 
latter, first gently, and finally with full force. 

Sum of inorganic and ethereal sulfates (Folin). In an Erlen- 
meyer flask into which a funnel has been placed to reduce the loss of 
steam, boil gently for twenty to thirty minutes 25 cc. of urine and 20 cc. 
of dilute hydrochloric acid (or 50 cc. of urine and 4 cc. of concentrated 
hydrochloric acid). This procedure hydrolyzes ethereal sulfate to free 
sulfuric acid. Cool the flask from two to three minutes in running water 
and dilute the contents with cold water to about 150 cc. The sulfate is 
then precipitated and weighed, as described above. 

Total sulfur (Benedict), To 10 cc.ofurine in a porcelain evaporating 
dish of 7 or 8-cm. diameter add 5 cc. of Benedict’s total sulfur reagent. 
Evaporate the contents of the dish over a free flame which is regulated 
to keep the solution justbelow the boiling point so that no loss will occur 
through spattering. When dryness is reached the flame is increased 
until the entire residue is blackened. The flame is then turned up in 
two stages to the full heat of the Bunsen burner and the contents of the 
dish are finally heated to redness for ten minutes after the black resi- 
due, which first fuses, has become dry. This final heating decomposes 
the last traces of nitrate and chlorate. The flame is then removed and 
the dish is allowed to cool. Ten to 20 cc. of the dilute hydrochloric acid 
are now added, and the dish is warmed gently until the contents have 
completely dissolved and a perfectly clear, sparkling solution results. 

This solution is washed quantitatively into an Erlenmeyer flask and 
diluted to 100 or 150 cc. with cold water. The sulfate is then precipi- 
tated and weighed as described above. 

Calcidation 

0.1374 W = grams of sulfate S in sample analyzed. 

137.4 W 

rr 


= grams of sulfate sulfur calculated as S per liter of urine. 
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4286 W 

V 

8572 Tf’ 

V ■ 


millimoles of sulfate per liter of urine. 


milli-equivalents of sulfate per liter of urine. 


IF = weight of BaS 04 in grams, V = cubic centimeters of urine taken for 
analysis, 


Total S — (ethereal + inorganic S) = Neutral S. 

(Ethereal + inorganic S) — inorganic S = Ethereal S. 

INORGANIC AND ETHEREAL SULFATES AND TOTAL SULFUR IN URINE. 

FISKE’S BENZIDINE TITRATION METHOD (5) 

The sulfate sulfur in the urine, before and after hydrolysis with acid, is 
precipitated with benzidine and the benzidine sulfate is determined by titra- 
tion with alkali. Phosphate is first removed by precipitation as ammo- 
nium magnesium phosphate. 


Reagents 

Phenolphthalein indicator solution. 

Strong ammonia water. 

A 5 per cent ammonium chloride solution. 

Powdered basic magnesium carbonate. 

A 0.04 per cent alcoholic solution of brom-phenol blue. 

Hydrochloric acid, approximately 1 n, (Dilute 80 cc. of concentrated 
hydrochloric acid (specific gravity 1 .2) to 1 liter.) 

Benzidine reagent. Suspend 4 grams of benzidine in about 150 cc. of 
water in a 250-cc. volumetric flask. Add 50 cc. of 1 n hydrochloric acid. 
Shake the flask until the benzidine is dissolved and then fill it to the mark 
with water. Filter the solution if necessary. 

A 0.05 per cent aqueous solution of phenolsulfonephthalein (phenol red). 

A 0.02 N sodium hydroxide solution. 

An approximately 3 n solution of hydrochloric acid. Dilute 240 cc. of 
concentrated hydrochloric acid (specific gravity 1.2) to a liter. 

Benedict’s total sulfur reagent (1). Dissolve 20 grams of copper nitrate 
crystals and 5 gm. of potassium chlorate in water and dilute to 100 cc. 

A 50 volume per cent solution of acetone. 

A 95 volume per cent solution of acetone. 
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Procedure 

Removal of phosphate. Dilute 15 cc. of urine (enough to contain 
5 to 10 mg. of sulfur), in a 50-cc. volumetric flask, to about 25 cc. with 
water, and add a drop of phenolphthalein solution. Add concentrated 
ammonia drop by drop till the solution is faintly pink, and then introduce 
5 cc. of a 5 per cent solution of ammonium chloride. Fill the flask to the 
mark with water, mix and pour the liquid into a dry Erlenmeyer flask 
containing about 0.65 gram of finely powdered basic magnesium car- 
bonate. Shake the flask for one minute and transfer to a 9-cm. filter 
paper enough of the suspension to fill the filter nearly to the top. Allow 
this first filtrate to drain back into the Erlenmeyer flask; then filter 
the entire mixture through the same filter into a dry container. The 
phosphate-free filtrate thus prepared is used for the determination of all 
three kinds of sulfur. 

Inorganic sulfate. To 5 cc. of the filtrate in a 200-cc. wide mouthed 
Erlenmeyer flask add 2 drops of a 0.04 per cent alcoholic solution of 
brom phenol blue and 5 cc. of water. Add, drop by drop, approximately 
1.0 N hydrochloric acid till the blue color is dispelled and the solution is 
pure yellow. Run in, from a pipette, 2 cc. of benzidine reagent, and let 
the mixture stand two minutes. 

Add 4 cc. of 95 per cent acetone and set the beaker aside ten minutes 
more. Filter through the special filtration tube, described on page 864. 
Wash the beaker and the filter with three 1-cc. portions and then with 
one 5-cc. portion of 95 per cent acetone. 

In place of using Fiske’s filter-tube and washing technique, one may 
collect and wash the precipitate by the technique described on p. 721 
for washing the benzidine sulfate obtained in the total base determina- 
tion. 

Transfer the filter paper to the flask in which the precipitation was 
carried out, add 2 to 3 cc. of water and 2 drops of 0.05 per cent aqueous 
phenol red, and run in from a burette about 1 cc. of 0.02 n sodium hydrox- 
ide. Heat the mixture just to boiling and agitate the paper with the 
stirring rod. Wash down the sides of the flask with enough water to 
bring the volume to about 10 cc. and titrate with 0.02 n sodium hydroxide, 
stirring the paper around with the rod meanwhile. When the solution 
begins to turn red, heat it to boiling again. While it is still boiling com- 
plete the titration, adding not more than 0.02 cc. of the alkali at one time, 
until the solution acquires a definite pink color which is not discharged 
by further boiling. The purpose of the boiling is to accelerate resolution 
of the benzidine sulfate precipitate. 
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Sum of inorganic and etheral sulfates. To 5 cc. of the phos- 
phate-free filtrate in a 200-cc. wide-mouthed Erlenmeyer flask add 1 cc. 
of approximately 3 n hydrochloric acid. Evaporate the solution to dry- 
ness on a boiling water bath and continue heating the dry material on 
the bath for ten minutes. Add 10 cc. of water immediately and break up 
the residue by rotating the flask. Add 2 cc. of the benzidine reagent 
and, two minutes later, 4 cc. of 95 per cent acetone. Then proceed 
with the sulfate analysis as described for inorganic sulfate. 

Total sulfur. ToO.25 cc. of Benedict’s total sulfur reagent in a 6-cm. 
evaporating dish, add 5 cc. of urine filtrate. Evaporate the mixture to 
dryness, preferably on an electric hot plate at low heat. When it is dry, 
increase the heat gradually to a maximum and finally ignite the material 
with a micro burner, continuing two minutes at red heat after the con- 
tents of the dish have become thoroughly black. Cool for five minutes. 
Add 1 cc. of 3 N hydrochloric acid and evaporate to dryness on the hot 
plate at low heat. When the residue is thoroughly dry, dissolve it and 
wash it into a 200-cc. wide-mouthed Erlenmeyer flask with five 2-cc. 
portions of water. Add 1 drop of 1.0 n hydrochloric acid, and precipi- 
tate with benzidine and acetone as in the determination of inorganic 
sulfate. The rest of the determination is also the same, except that, in 
order to wash the filter free from copper, a portion of 2 cc. of 50 per cent 
acetone must be used, instead of the first of the three 1-cc. portions 
of 95 per cent acetone. 


Calculation 

0.32 (.4 — C) = milligrams of S in sample. 

0.32 [A — C) _ g j. m-gy yj.jQg 

V 

10 U — O _ Qf sulfate per liter of urine. 

F 

= mUli-equivalents of sulfate per liter of urine. 

— Qribic centimeters of 0.02 n alkali used in titration, C collection for 
cubic centimeters of 0.02 n alkali used in the titration of a blank analysis 
on the reagents, V = cubic centimeters of urine in sample. 

Neutral and ethereal sulfur are calculated as described for the Folin 
gravimetric method. 
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DETERMINATION OF SULFUR IN FECES 

Sulfur is found in stools in the neutral form, as inorganic sulfate and 
also as ethereal sulfates. The methods described for the analysis of 
urine can be applied to the partition of the sulfates in stools. Certain 
modifications must be introduced, however. For the estimation of 
inorganic and ethereal sulfates ten grams of dried, pulverized feces 
(for preparation see p. 78), are extracted with water, and the extract 
is analyzed as described for urine. 

For total sulfur the stool sample is suspended in water and ashed by 
the Benedict method described above. 

INORGANIC SULFATE IN SERUM. GRAVIMETRIC DETERMINATION. 

LOEB AND BENEDICT (14) 

The sulfate in filtrate representing 6 cc. of serum is precipitated and 
weighed in the classical way as BaS 04 . The weight of precipitate obtained 
from normal serum is only about 0.5 mg., and the error is probably greater 
than in the nephelometric and colorimetric methods. In nephritic reten- 
tion, however, precipitates of several milligrams are obtained, and it is 
probable that the gravimetric method is the more accurate, as it permits 
weighing such small amounts, even with macro apparatus, to within 0.1 mg. 

Reagents 

Picric acid, saturated water solution. 

Barmm chloride, 1 per cent solution. 

Procedtire 

One drop of caprylic alcohol and 10 cc. of serum are placed in a SO-cc. 
volumetric flask. Ten cubic centimeters of water and 30 cc. of satu- 
rated picric acid solution are added. After thorough mixing the contents 
are centrifuged rapidly, to avoid evaporation, and the supernatant fluid 
is filtered. A 30-cc. portion of the filtrate is placed in a 50-cc. beaker and 
5 cc. of 1 percent barium chloride are slowly added. The solution is 
allowed to stand at least six hours for precipitation to become complete, 
and is then filtered through a 7-cm. ashless filter paper. Sometimes 2 
to 4 filtrations are necessary before all the precipitate is retained on 
the paper. The latter is washed 5 times with 4 cc. portions of water 
acidulated with HCl. A small platinum crucible is ignited empty, cooled 
in the room ah, and weighed. The filter paper is placed in the crucible 
and ignited slowly, the lid of the crucible being kept only slightly open 
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vintil charring has occurred. Later the lid is kept half open to prevent 
excessive reduction of BaS 04 . Care is taken not to allow the paper 
to burst into flame. Ignition should take about twenty-five minutes. 
The crucible is again cooled in room air and weighed at once. 


Calculation 

0.1374 W = milligrams of S in sample precipitated. 
13.74 W 


V 

4.29 W 

V 

8.57 W 


= milligrams of S per 100 cc. of serum. 

= millimoles of sulfate per liter of serum. 

= mini -equivalents of sulfate per liter of serum. 


W = milligrams of BaS 04 , V — cubic centimeters of serum represented in 
' sample (in analyses performed as above directed, V — 6). 

INORGANIC AND ETHEREAL SULFATES AND TOTAL NON-PROTEIN SULFUR IN 
BLOOD. NEPHELOMETRIC METHOD OF DENIS AND REED (4) 

The blood proteins are removed by precipitation with 5 per cent trichloro- 
acetic acid. The inorganic sulfate of the filtrate is determined directly by 
precipitating the sulfate in the filtrate by means of barium chloride, stab- 
ilizing the suspension with the aid of gelatin, and comparing the suspen- 
sion in the nephelometer with standard sulfate suspensions which are pre- 
pared in a similar manner. Ethereal sulfates are determined in a similar 
manner in filtrates which have been previously subjected to acid hydrolysis; 
total sulfur in filtrates which have been treated with a zinc nitrate oxidiz- 
ing mixture. 


Reagents 

Trichloroacetic acid. A 20 per cent solution prepared from sulfate-free 
trichloroacetic acid. Even high grade brands of the acid, as purchased, 
contain traces of suHates. These can be readily removed by redistilling the 
acid in vacuo at a pressure of 15 to 20 mm. It is usually necessary to filter 
the solution through suKate-free filter paper to remove suspended particles. 

A 1.0 fer cent harium chloride solution. 

A 5.0 per cent barium chloride solution. 
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An 0.6 N sodium hydroxide solution. This should be prepared from metal- 
lic sodium. Sodium hydroxide as purchased appears to contain appreciable 
amounts of sulfate. 

1.0 X hydrochloric acid. 

0.1 y hydrochloric acid. 

*1 5 per cent solution of suljate-free gelatin. As even high grade commercial 
gelatin contains traces of sulfates, it must be purified in the following man- 
ner. To 50 grams of high grade commercial gelatin in a flask, add 900 cc. 
of approximately 0.01 n hydrochloric acid and 100 cc. of a 5 per cent solution 
of barium chloride. Immerse the flask in a boiling water bath, shaking 
occasionally, for one hour. At the end of this period remove the flask 
from the boiling water, cool it in running water, add 50 cc. of egg-white, 
stir the mixture thoroughly, and heat it again in a boiling water bath for 
about thirty minutes or until the egg white has coagulated and carried down 
all traces of colloidal barium sulfate. Centrifuge the mixture, while it is 
hot, in 50 or 100-cc. tubes. Pour the clear supernatant liquid into small, 
wide mouthed bottles of about 30-cc. capacity. Stopper these with cotton, 
sterilize them by heating for an hour in boiling water, and after they have 
cooled store them in the refrigerator. 

Zinc nitrate oxidizing mixture. Dissolve 25 grams of zinc nitrate, 25 
grams of sodium chloride and 10 grams of ammonium chloride in 100 cc. of 
water. When the salts have been dissolved, Alter the solution through ash- 
less filter paper. The reagent must, of course, be tested for the presence 
of sulfate 

Standard potassium sulfate solution. Two standards are required. The 
first contains 0.5437 gram of K 2 SO 4 per liter. One cubic centimeter of this 
solution is equivalent to 0.1 mg. of S. The second standard is half as 
strong and is made by diluting 1 volume of the first standard with 1 volume 
of water. 


Procedure 

Precipitation of proteins of blood or serum. To 5 parts of 
citrated^ blood or plasma are added 11 parts of water. After the solu- 
tions have been mixed, 4 parts of 20 per cent trichloroacetic acid are 
introduced. After the mixture has been thoroughly shaken it is allowed 
to stand for fifteen minutes and then centrifuged. The supernatant liquid 
is filtered through acid- washed dry filter paper, such as Whatman No. 40. 

Inorganic sulfate of normal human blood. To 25 cc. of the 

1 Denis and Reed prefer citrate to oxalate as an anticoagulant because of the relative 
insolubility of barium oxalate. 
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protein-free filtrate add 4 cc. of 0.6 n sodium hydroxide, 1 cc. of 5 per cent 
gelatin and 1 cc. of 5 per cent barium chloride. After it has been mixed 
the suspension is allowed to stand fifteen minutes before it is read in the 
nephelometer against a standard solution that has been simultaneously 
prepared by adding to 1 cc. of the half strength potassium sulfate stand- 
ard (containing 0.05 mg. of S per 1 cc.), 25 cc. of 0.1 n hydrochloric acid, 
3 cc. of 0.6 N sodium hydroxide, 1 cc. of 5 per cent gelatin, and 1 cc. of 5 
per cent barium chloride. 

Inorganic sulfate of nephritic blood. For the analysis of blood 
from nephritic patients, which contains unusually large amounts of sul- 
fate, a slightly different procedure is employed. Fifteen cubic centi- 
meters of the protein-free filtrate treated with 2 cc. of 0.6 n sodium hydrox- 
ide, 1 cc. of 5 per cent gelatin and 5 cc. of 1 per cent barium chloride, are 
compared with 1 cc. of the stonger potassium sulfate standard (with 
0.1 mg. S per 1 cc.) treated with 14 cc. of 0.1 n hydrochloric acid, 
2 cc. of 0.6 N sodium hydroxide, 1 cc. of 5 per cent gelatin and 5 cc. of 
1 per cent barium chloride. 

Inorganic plus ethereal sulfate of normal human blood. To 
15 cc. of protein-free filtrate in a 20 by 200-mm. Pyxex test tube add 4 cc. 
of 1.0 N hydrochloric acid and evaporate the solution at such a rate that 
solid particles begin to settle out in not less than fifteen to twenty minutes. 
At this point heating is discontinued. The evaporation of the last few 
cubic centimeters of liquid must be carried out with care to avoid undue 
discoloration. To the residue in the tube add 15 cc. of water, 2 cc. of 0.6 
N sodium hydroxide, 1 cc. of 5 per cent gelatin and 5 cc. of 1 per cent 
barium chloride. After the solutions have been mixed the suspension 
is allowed to stand fifteen minutes before it is compared in the nephelom- 
eter against a standard which has been simultaneously prepared in the 
following manner. One cubic centimeter of potassium sulfate standard 
(it is well to prepare two standards : 0.05 mg. per 1 cc. and 0.1 mg. per 1 
cc.) is evaporated, after addition of 4 cc. of 1.0 n hydrochloric acid, in the 
same manner as the blood filtrate. To the residue is added 15 cc. of 
water, 2 cc. of 0.6 n sodium hydroxide, 1 cc. of 5 per cent gelatin and 5 cc. 
of 1 per cent barium chloride. 

Inorganic plus ethereal sulfate of nephritic blood. This is 
determined in the same manner as that of normal blood except that only 
10 cc. of filtrate are used. 

Total non-protein sulfur of normal human blood. To 5 or 10 
cc. of blood filtrate add 1 cc. of zinc nitrate reagent. Evaporate the mix- 
ture to dr3mess in a 20 by 200-mm. Pyrex test tube, and continue to heat 
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it with a free flame until fumes are no longer given off. Dissolve the 
residue in 2 cc. of 1.0 n hydrochloric acid, add 15 cc. of water, 1 cc. of 5 per 
cent gelatin and 5 cc. of 1 per cent barium chloride. After fifteen min- 
utes compare the suspension in the nephelometer against a standard pre- 
pared at the same time as the unknown in the following manner. One 
cubic centimeter of standard potassium sulfate (it is well to prepare 2 
standards : 0.1 mg. of S per cubic centimeter and 0.05 mg. of S per cubic 
centimeter) and 1 cc. of oxidizing reagent are evaporated to dryness and 
heated as described above. The residue, dissolved in 2 cc. of 1.0 n 
hydrochloric acid, is treated with 15 cc. of water, 1 cc. of 5 per cent gela- 
tin and 5 cc. of 1 per cent barium chloride. 

Total non-protein sulfur of nephritic blood. This is deter- 
mined in the same manner as that of normal blood except that only 3 to 
5 cc. of blood filtrates are used. 


Calculation 


400 DS 
U V 


milligrams of S per 100 cc. of blood. 


125 DS 
U V 


millimoles of sulfate per liter of blood. 


250 DS 
U V 


milli-equivalents of sulfate per liter of blood. 


S and Z7 represent nephelometer readings of standard and unknown respec- 
tively, V, the number of cubic centimeters of filtrate taken for an analysis 
and D, the milligrams of d" in the 1 cc. of standard solution used. 

The neutral and ethereal sulfur are calculated as described for the Folin 
urine analysis. 


Precautions 

The usual precautions in the use of the nephelometer must be observed. 
Satisfactory colloidal precipitation will not occur if the amount of sulfur 
in 25 cc. volume exceeds 0.16 to 0.2 mg. or is less than 0.02 mg. Since the 
size of the particles in suspension depends to some extent on the amount of 
sulfate present, standard and unknowm must be of approximately the same 
strength. It is therefore, well to prepare two standards for each de- 
termination. 

If the reaction of the mixture varies greatly from a pH of 3.0 to 3.8 barium 
sulfate precipitation is not quantitative. If the mixture is too alkaline 
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barium phosphate is precipitated; if it is too acid the soluble acid barium 
sulfate is formed. Trichloroacetic acid filtrates of blood from pathological 
cases are sometimes more acid than usual, presumably because the blood 
is deficient in protein. In this case the amount of sodium hydroxide may 
have to be varied. If, upon precipitation of a filtrate, no cloud appears, it 
is advisable to determine the pH of the filtrate and adjust this to the 
proper reaction. 

If the oxidation mixture used in the determination of total sulfur is not 
heated until all the nitrate is decomposed and driven off, very low results 
are obtained. 

INORGANIC AND ETHEREAL SULFATES IN BLOOD. HUBBARD's (10) COLORI- 
METRIC METHOD AS MODIFIED BY WAKEFIELD (20)^ 

Sulfate is precipitated by means of benzidine: the precipitate is treated 
with dilute hydrogen peroxide and ferric chloride, and the resultant yellow 
color is compared with that of a standard solution which has been treated 
in a similar manner. 


Reagents 

02 N hydrochloric acid. 

Benzidine standards. 2 .007 grams of benzidine hydrochloride are dissolved 
in 500 cc. of 0,2 n hydrochloric acid. One cubic centimeter of this solution 
is equivalent to 1.5 mg. of SO4, or 0.5 mg. of S. From this solution, by 10, 
50, and 100-fold dilution, working standards are prepared which contain 
amounts of benzidine equivalent to 0.15, 0.03 and 0.015 mg. of SO4, or 0.05, 
0.01, and 0.005 mg. of S per cubic centimeter. 0.2 n hydrochloric acid 
must be used as the diluent in every case. 

Trichloroacetic acid, 20 per cent solution, free from sulfate (see method of 
Denis and Reed for preparation). 

Hydrogen peroxide. One volume of commercial hydrogen peroxide 
diluted to 5 volumes with water. 

Ferric chloride. A 1 per cent aqueous solution of ferric chloride, which 
must be freshly prepared each week. 

Pure acetone. This must be redistilled, if necessary to insure purity. 

Benzidine base. A 1 per cent solution of pure benzidine (Eastman 
organic or Merck’s blue label is satisfactory) in pure acetone. The solution 
must be discarded as soon as a yellow color develops. 

^ Certain modifications of Wakefield’s publislied procedure have been made at the 
suggestion of Roger S. Hubbard, who kindly corrected the manuscript of this section. 
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. All reagents must, of course, be carefully tested for sulfate. Glassware 
must be scrupulously clean and free from sulfate. It may be cleaned in 
the ordinary potassium dichromate sulfuric acid cleaning solution; but all 
traces of the cleaning solution must be rinsed off with large amounts of 
water. All water which is used must be free from sulfate. 

Procedure 

Serum is collected by defibrination or spontaneous clotting of blood. 
(Citrated plasma may serve, but oxalated plasma or blood can not be 
used.) 

Removal of serum proteins. To 3 cc. of the serum in a 15 cc. 
centrifuge tube add an equal volume of water, followed by 3 cc. of 20 per 
cent trichloroacetic acid. When these solutions have been mixed add 
enough water to bring the total volume to 15 cc. The contents of the 
tube are thoroughly mixed again and centrifuged for five minutes. 

Determination of inorganic sulfate. Five cubic centimeters of 
the supernatant liquid are transferred to a second tube, containing 10 cc. 
of the acetone solution of benzidine base. The tube is capped, placed 
in ice water for an hour, or until the precipitate flocculates, and is then 
centrifuged for 30 minutes. The tubes must be capped to prevent 
evaporation of the acetone before and during centrifuging. The super- 
natant fluid is poured off and the tube is inverted for three minutes 
on a dry filter paper. The mouth of the tube is dried and 15 cc. of 
pure acetone are added; the precipitate, broken up with a fine point 
glass rod, is stirred in the acetone. The tube is again capped and 
centrifuged for fifteen minutes at 3000 revolutions per minute. The 
acetone is poured off and the tube inverted to drain on a filter paper, 
this time for five minutes. The lip of the tube is wiped with dry filter 
paper and 2 cc. of 0.2 n hydrochloric acid are added. If the precipitate 
is not dissolved by shaking, the tube may be warmed gently over a 
burner, but the contents must not be allowed to boil. If the tube has 
been heated it must be cooled or allowed to cool before proceeding. 
Six cubic centimeters of water are added, followed by 1 cc. of dilute 
hydrogen peroxide and 1 cc. of ferric chloride solution. After the con- 
tents of the tube have been thoroughly mixed they are set aside for five 
minutes to permit the color to develop. 

Standards should be treated with hydrogen peroxide and ferric 
chloride at the same tune as the unknown. The acidity of standard 
and unknown must be the same. For example, to 1 cc. of standard 
made m 0.2 n HCl, 1 cc. of 0.2 n hydrochloric acid must be added before 
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the water, peroxide and ferric chloride, because 2 cc. of 0.2 n hydror 
chloric acicTwere added to the unknown. 

Standard and unknown should be compared in the colorimeter during 
the second five minutes after the peroxide and ferric chloride have 
been added. If readings can not be made within this interval 0.5 cc. of 
concentrated hydrochloric acid may be added to both standards and 
unknown to prevent the colors from fading. 

Inorganic plus ethereal sulfate. The procedure for determination 
of total sulfate of serum is the same as that for inorganic sulfate except 
that the filtrate is hydrolyzed with hydrochloric acid. Two cubic centi- 
meters of concentrated hydrochloric acid are added to 5 cc. of the pro- 
tein-free filtrate in a centrifuge tube. The tube is placed in a beaker 
of boiling water for fifteen minutes. At the end of this time the tube is 
allowed to cool, or is cooled under running water, before the benzidine 
base solution is added. When the benzidine base solution is added a 
dense turbidity, due to the acetone and hydrochloric acid, forms; but 
this disappears as soon as the contents of the tube are thoroughly mixed. 
From this point on the procedure is the same as that for the determina- 
tion of inorganic sulfate. 


100 DS 
U 

33.4 DS 
U 

10.4 DS 
U 

20,8 DS 
U~ 


Calculation 

milligrams of SO 4 in 100 cc. of serum, 
milligrams of sulfate S in 100 cc. of serum, 
millimoles of sulfate per liter of serum, 
milli-equivalents of sulfate per liter of serum. 


5 and U •= colorimeter readings of standard and unknown respectively; 
D = milligrams of SO 4 to which the standard used is equivalent. 


Precautions 

It is important to select centrifuge tubes with fine pointed conical bot- 
toms, because if the bottoms are too rounded precipitate may be lost during 
the process of washing. 

When both sulfate and phosphate are present in high concentration (e.g., 
in terminal nephritis), phosphate may be precipitated with sulfate by 



BIBLIOGRAPHY 


905 


benzidine. If, therefore, the blood is knowm or suspected to contain high 
sulfate and high phosphate it is well to take less than the usual quantity 
for analysis. If an unusually bulky benzidine precipitate is obtamed, such 
as may be contaminated by phosphate, the precipitate can be purified by 
redissolving it in 2 cc. of 0.2 n HCl. The acid is neutralized with 2 cc. of 
0.2 N NaOH (sulfate-free), and the analysis is continued as described under 
the heading “Determination of inorganic sulfate.” To the solution of dis- 
solved precipitate add 5 cc. of 20 per cent trichloroacetic acid and dilute to 
15 cc. with water. With a 5-cc. aliquot repeat the precipitation with benzi- 
dine and continue the determination as described. The value obtained 
must be multiplied by 3 to give the amount of S in the volume of serum 
originally taken for analysis. 

MICRO TITRATION METHOD ROR BLOOD SULFATES 

Cope has recently shown that, instead of determining the benzidine 
precipitates obtamed in Hubbard’s method by colorimetry, they can be 
satisfactorily titrated with 0.02 N sodium hydroxide with Rehberg’s micro 
pipette. The method will be found in the appendix. 
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THE PHENOLSULFONEPHTHALEIN TEST FOE. EENAL FUNCTION 

In 1909 Abel and Rowntree (1) in an investigation of the pharmacological 
action of a variety of phthalein derivatives, discovered that phenolsulfone- 
phthalein was excreted almost entirely by the kidneys. The dye was quite 
free from toxic properties and, in the red alkaline form, lent itself to colori- 
metric determination. As a result of this investigation Rowntree and 
Geraghty (4) devised their clinical test, which consists of injecting a known 
amount of the dye and then determining colorimetrically the quantity 
excreted in the urine in a given interval. The procedure will be described 
as it was originally proposed, and the various modifications will be discussed 
subsequently. 

Procedure 

Preparation of the phenolsulfonephtkalein solution. The 
solution is prepared by adding to 600 mg. of phenolsulfonephthalein 
0.84 cc. of 2.0 N sodium hydroxide solution. The dye is dissolved with 
the aid of 0.75 per cent sodium chloride solution. A further 0.15 cc. of 
the 2.0 N sodium hydroxide is then added and the solution, transferred 
to a 100-cc. volumetric flask, is diluted to the mark with 0.75 per cent 
sodium chloride solution. The alkaline sodium salt of the dye is non- 
irritating. The solution can be sealed in hard glass ampoules, each 
containing slightly more than 1 cc. of solution, and sterilized.^ 
Preparation of the subject. Immediately before the test the 
patient is directed to drink 200 to 400 cc. of water to insure an adequate 
urine flow. A catheter is then inserted with the usual sterile precau- 
tions and the urine already in the bladder is withdrawn. Exactly 1 cc. 
of the dye solution is injected by means of a well ground syringe subcu- 
taneously, intramuscularly or intravenously. The time of injection is 
carefully noted. 

Determination of the appearance time. Immediately after the 
injection the urine is collected in a clean receptable containing a few 
drops of 25 per cent sodium hydroxide solution. Phenolsulfonephtha- 
lein, in acid solution, such as normal urine, has a golden yellow color that 

^ Ampoules of sterile phenolsulfonephthalein solution, standards and comparator can 
be secured from Hynson, Westcott and Dunning, Baltimore, Md. 
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is not easily distinguishable ; the alkaline salt is a deep red. As soon as 
the dye appears in the urine the red color will appear on contact with the 
strong alkali. At this point the time is again noted and the catheter 
may be withdrawn unless there is known to be some obstructive condi- 
tion of the urinary tract that prevents complete emptying of the bladder. 

Total phihalein excretion. At the end of exactly one hour from the 
time of appearance of the dye the patient empties his bladder completely 
into the same receptable which was used to collect the catheterized 
sample. At the end of the second hour after the appearance of the dye 
the bladder is again emptied into a separate receptable. 

Determination of the amount of phthalein excreted. To each 
of the two specimens 25 per cent sodium hydroxide is added slowly, with 
stirring, until the red color of the alkaline phthalein has reached its full 
intensity. The specimens are then diluted to suitable volumes and com- 
pared colorimetrically with known standard solutions of alkaline phenol- 
sulfonephthalein. 

Comparisons can be made in any of the usual types of colorimeters. 
In this case the standard is made by dhuting 6 mg. of phenolsulfone- 
phthalein to 1 liter with water which has been alkalinized with sodium 
hydroxide. The urine may be diluted to 500 or 1000 cc., depending upon 
the amount of dye which it contains. If the phthalein excretion is 
extremely small it is occasionally advantageous to dilute to a smaller 
volume unless the urine itself is too highly colored. 

The results are recorded in terms of the per cent of injected dye which 
is recovered in the urine. This is calculated by means of the formula: , 

S V 

uWo = 

Where 5 and [/ = the colorimetric readings of standard and unknown, 
respectively; V = the volume in cubic centimeters to which the unknown 
was diluted before the colorimetric comparison. 

For practical clinical purposes comparisons may be made with a series 
of permanent standards in a simple comparator. These standards are 
prepared by dilution from a 100 per cent standard (6 mg. of alkaline 
phenolsulfonephthalein diluted to 1 liter) at 5 or 10 per cent intervals 
from 0 to 100 per cent. They can be sealed in test tubes of even bore. 
The unknown, properly diluted and alkalinized in a similar tube, is com- 
pared with these standards.^ 

If the urine contains an appreciable amount of hemolyzed blood the test 
cannot be carried out. If the specimens are not clear they may be centrifu- 



THE PHTHALEIN TEST FOR RENAL FUNCTION 


909 


gated. Numerous attempts have been made to eliminate the interference of 
blood and urinary pigments by the use of adsorbents. Most of these 
measures, however, remove, \wth the interfering substances, a certain 
amount of the dye. 

The alkaline standard, if not sealed and sterilized, develops molds and 
gradually fades. It must, therefore, be renewed at frequent intervals. 

Variations of the original technic 

Except in genito-urinary surgery the appearance time is seldom deter- 
mined. Catheterization is employed only when there is reason to sus- 
pect partial obstruction of the lower urinary tract. Urine specimens are 
usually collected 70 and 130 minutes after injection of the dye on the 
assumption that the dye appears in the urine within ten minutes. In 
point of fact there is no great value in prolonging the test beyond 130 
minutes, because the dye which is not excreted within this period of 
time is usually destroyed in the body. 

At first considerable importance was ascribed to differences in the 
quantities of dye excreted in the first and in the second hours. More 
extensive application has shown that such differences have no great 
significance. It has, therefore, become the custom in many clinics to 
collect only a single specimen, two hours and ten minutes after the injec- 
tion of the dye. 

Comparison of the function of the two kidneys 

In urological practice the phenolsulfonephthalein test has proved ex- 
tremely useful for the determination of the function of the two kidneys 
separately. 

The patient is given 200 to 400 cc. of water. After this the ureters are 
catheterized through the cystoscope. Then 1 cc. (6 mg.) of phenol- 
sulfonephthalein is injected intravenously and the time recorded. 
Urine from the catheters is collected in two separate receptables for 
twenty to thirty minutes. The appearance time and the total amount of 
dye excreted by each kidney are determined by the methods described 
above. 

Mode of injection: Under ordinary circumstances it makes little differ- 
ence in the two-hour excretion whether the dye is injected subcutaneously 
or intramuscularly. After intravenous administration the appearance time 
is shortened and elimination is more complete. In the presence of subcu- 
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taneous edema the absorption of phthalein from the subcutaneous tissues 
into the circulation seems to be delayed; appearance time is prolonged and 
the total excretion diminished. It is, therefore, preferable to administer the 
dye intravenously , especially to edematous patients. 

It is essential that the bladder be emptied completely at the end of the 
test. In case of doubt it is well to collect another specimen of urine after 
the third hour. If this contains more than a trace of dye it is probable that 
the patient did not empty his bladder completely, possibly because there 
is some obstruction in the lower urinary tract. 

Normal excretion. In normal subjects the dye should appear in the urine 
within 10 minutes after injection and at least 50 per cent, usually more, 
should be excreted within two hours and ten minutes. The greater portion 
of this appears in the first hour. 

Pathological excretion. The relationship between renal disease and 
retarded phthalein excretion is discussed in the urea chapter of Volume I. 
The effects of other pathological conditions on phthalein excretion have 
been studied by Lundsgaard and Miller (2, 3), who have found the excre- 
tion retarded in a large proportion of cases of liver disease and of heart 
disease, compensated and uncompensated. 
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THE BROMSULPHALEIN TEST OP LIVER PUNCTION 

In 1909, in an investigation of the pharmacological action of some phthal- 
ein derivatives, Abel and Rowntree (1) found that phenol tetrachloro- 
phthalein, when given subcutaneously,, was excreted almost entirely in the 
bile, This observation was first applied to the study of liver function in 
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1913 by Rowntree, Bloomfield, and Hurmtz (5). They determined the 
amount of injected dye which was excreted in the stools. A similar pro- 
cedure was reported in the same year by Whipple, Mason, and Peightal (6). 
Because of the difficulties and uncertainties of the technique McNeil (2) 
in 1916 suggested that bile collected by duodenal tube be analyzed, instead 
of feces. Neither method proved entirely practical or accurate because of 
the uncertainty of quantitative collection. In 1922 Rosenthal (3) demon- 
strated that if the dye was injected into a vein the greater part of it re- 
mained in the circulation until it was removed by the liver for excretion. 
He decided that it would be more simple and accurate to determine the rate 
at which the dye was removed from the blood than to attempt to measure 
directly the amount excreted. He therefore proposed the colorimetric 
determination of the amount of dye remaining in the blood serum at given 
intervals after intravenous injection. The<tnethod proved both practicable 
and useful. Subsequently Rosenthal and White (4) showed that brom- 
sulphalein (phenoltetrabromphthalein sodium sulfonate) was excreted in 
the bile more rapidly and completely than phenoltetrachlorphthalein and 
lent itself better to colorimetric determination. 

Reagents {4) 

A sterile 5 per cent solution of bromsidphalein. 

A 10 per cent solution of sodmm hydroxide. 

Standard solutions of bromsidphalein. Four milligrams of bromsulphal- 
ein are diluted to 100 cc. with 0.0005 N solution of sodium hydroxide. 
This solution is arbitrarily termed the 100 per cent standard. From it 
are prepared, by dilution with 0.0005 N sodium hydroxide solution, a series 
of standards at 5 or 10 per cent intervals from 0 to 100 per cent. The 
standards, sealed in hard glass test tubes of uniform bore, can be kept in 
the dark for several months without deterioration.- 

Procedure 

Injection of dye. The test should be made before breakfast, when 
the subject is in the post absorptive state, to avoid alimentary lipemia. 
Two milligrams of dye per kilo of body weight (1/25 cc. of the 5 per cent 
solution per kilo or 1/55 cc. per pound) are injected intravenously by 
means of a well ground hypodermic S3rringe. It is essential that none of 

2 Ampoules containing sterile bromsulplialem, standards in sealed tubes, and a con- 
venient comparator box may be secured from Hynson, Westcott and Dunning, Baltimore, 
Md. 
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the dye be allowed to escape into the subcutaneous tissues. It is in- 
advisable to introduce the bromsulphalein too rapidly; the injection 
should take about sixty seconds. 

Determination of dye retention. At the end of exactly five min- 
utes after the injection and again after thirty minutes, venous blood is 
withdrawn, allowed to clot and then centrifuged. Care must be taken to 
avoid hemolysis. The serum is carefully withdrawn from each sample 
To part of each sample of serum, in a tube similar to those containing 
the standard solutions, 2 drops of 10 per cent sodium hydroxide are 
added, to bring out the alkaline color of the dye. The remainder of the 
serum, placed in a third tube, is acidified with 1 drop of 5 per cent hydro- 
chloric acid (5 cc. of concentrated hydrochloric acid diluted to 100 cc.) 
This acidified sample serves as a control in the color comparison. The 
unknown samples are compared with the standards in the usual manner 
in a comparator. The acidified serum is placed behind the standard, a 
tube containing water behind the unknown. 

In subjects without liver disease the serum at the end of five minutes 
should give a reading of 20 to 50 per cent; after thirty minutes it should 
contain only a trace — less than 0.5 per cent — of dye. 
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METHODS EOR THE DETERMINATION OP BILIRUBIN IN SERUM: THE ICTERUS 

index; the van den bergh reaction 

As a measure of the rate of production of bile pigments and their excretion 
by the liver, and for the objective estimation of the nature and intensity of 
clinical jaundice, it has long been recognized that examinations of the 
excreta are inadequate. Various methods have, therefore, been proposed 
for the quantitative estimation of bilirubin in serum. 

The simplest of these, the icterus index test, was introduced by Meulen- 
gracht (14). It consists of nothing more than the comparison, by dilution 
colorimetry, of the serum of the subject with a standard solution of potas- 
sium bichromate. The method has received wide application and proved 
extremely useful. It has, however, little to recommend it theoretically, 
except its simplicity. Meulengracht, w^hen he proposed the method, ad- 
mitted that its validity depended upon the assumption that there were no 
significant amounts of pigments other than bilirubin in serum. He recog- 
nized that this assumption was not entirely justified, that even normal 
serum contained traces of lipochrome pigments; but he believed that even 
in disease the concentrations of such pigments in the serum were negligible. 
Since then it has been repeatedly demonstrated that this is not the case. 
In carotinemia and in diabetes lipochromo pigments may accumulate in the 
serum in quantities large enough to give icterus indices as high as those 
found in obstructive jaundice (3, 7). In spite of this source of error the 
method, intelligently interpreted, is of distinct value in the' diagnosis of 
diseases of the liver, bile ducts, and blood-forming organs. 

The method of Hymans van den Bergh is, however, theoretically souiider 
and of broader clinical significance. Van den Bergh and Snapper (2), in 
1913, showed that Ehrlich’s diazo reaction for bilirubin could be applied 
to serum. This reaction, first discovered by Ehrlich (4, 5) in 1883 and 
later studied by Prdscher (16), depends on the fact that bilirubin, in alcoholic 
solution, reacts with a diazonium salt to form an acid dye, azo-bilirubin. 
Van den Bergh found that the dye lent itself to colorimetric determination 
in serum. Lipochromes and hemoglobin derivatives do not appear to affect 
the color (6, 9, 18). The above react is called the indirect. 

Subsequently Van den Bergh and Muller (1) discovered that under cer- 
tain circumstances a blue color developed promptly when the diazo reagent 
was added to serum without alcohol. This reaction, known as the prompt 
direct reaction, occurs only in cases of obstructive jaundice. In hemolytic 
jaundice, on the other hand, either no color appears when the diazo reagent 
is added directly to the serum, or else a red color develops only gradually 
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after a latent period of a minute or more and does not reach the intensity 
attained in the prompt direct reaction. This is known as the delayed direct 
reaction. Feigl and Querner (6) later reported a third type of reaction which 
they called the biphasic reaction. In this a reddish color appears immedi- 
ately after the diazo reagent is added to the serum, later rapidly or gradually 
changing to violet. 

The application of both direct and indirect van den Bergh tests to serum 
not only more or less closely shows the quantity of bilirubin in serum, but 
also gives information of value concerning the pathogenis of the bilirubine- 
mia. Regardless of the nature of the direct reaction, the indirect — i.e., 
the development of color in the alcoholic extract of serum — is always 
positive and affords a measure of the concentration of bilirubin in the 
serum. 

Concerning the causes of the variations in the direct reaction there has 
been considerable speculation. Van den Bergh and Muller (1) concluded 
that they were due either to: 1) differences in the nature of bilirubin or 2) 
combination of bilirubin with certain components of serum. The first 
hypothesis found many supporters who argued that, although bilirubin was 
formed outside the liver, it was subjected to chemical alteration by the 
liver cells. It was supposed that only bilirubin which had been transformed 
by the liver gave the direct reaction. This theory found its greatest support 
in the fact that bile secured from the gall bladder or biliary passages always 
gave a prompt direct reaction. The work of Mann and his associates (11) 
on the effects of total extirpation of the liver, besides finally disposing of all 
doubts concerning the extrahepatic origin of bilirubin, afforded an oppor- 
tunity for the examination of extrahepatic bile pigments. No differences 
could be demonstrated between the bilirubin which appeared in the serum 
of hepatectomized animals and that obtained from bile. 

Harrop and Barron (8) have attempted to analyze the nature of the direct 
reaction by in vitro experiments. They found that when pure bilirubin 
was added to normal human serum only a delayed reaction could be obtained 
until the concentration of bilirubin exceeded a certain level. After this 
the direct reaction appeared. Serum to which bile salts had been added 
gave a direct reaction with extremely low bilirubin concentrations. Other 
substances which reduced surface tension had an effect similar to that of 
bile salts. Harrop and Barron concluded that bile pigments are ordinarily 
adsorbed by certain constituents of serum, probably proteins; but are freed 
from such adsorption by bile salts and other surface tension-reducing sub- 
stances. Only free pigments give a direct van den Bergh reaction. This 
theory affords an explanation not only of the variations in the direct van 
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den Bergh reaction; but also of the fact that bilirubin as such does not appear 
in the urine of patients with jaundice of extrahepatic origin. It is generally 
stated that the renal threshold for bilirubin is higher in these cases. It is 
far easier to believe that the bilirubin, b}’' reason of the fact that it is held 
by the proteins, is not available for excretion by the kidneys. In contradic- 
tion to the conclusions of Harrop and Barron stand some earlier experiments 
of Thannhauser and Anderson (18). They were unable, by the addition 
of bile acids and cholesterol to the serum of a patient with hemolytic 
icterus, to convert a delayed to a prompt direct reaction. In fact they 
found that the addition of bile and cholesterol to the serum of subjects with 
obstructive jaundice abolished the direct reaction entirely. 

THE DETERAIINATION OF BILIRUBIN IN SERUM 

Blood for both icterus index and van den Bergh tests should be taken 
while the patient is in the post-absorptive state. This avoids the clouding 
effect of alimentary lipemia and, in the case of the icterus index, of the 
recent ingestion of foods containing lipochrome. Bernheim (1) detected 
temporary increases in the icterus index of normal subjects after the inges- 
tion of as little as one or two carrots. Such increases, however, disappear 
after the over night fast. The same blood sample may be used for both 
icterus index and van den Bergh. Usually 10 cc. suffices for both 
tests. 

The blood, after it has been allowed to clot, is centrifuged and the serum 
separated with every precaution against hemolysis. The van den Bergh 
test must be carried out within 2 hours of time the blood is collected. If 
the serum is allowed to stand the reactions become altered. Sera which, 
when fresh, give direct reactions, may, after standing, give only the indirect 
reaction (13, 18). 


Icterus Index 

The only solution required is an 0.01 per cent solution of potassium 
bichromate, which serves as a standard. The serum is compared 
directly with the standard in a colorimeter. If the serum is too dark to 
permit color comparison it is diluted to the proper point with 0.9 per cent 
sodium chloride solution. 


Calculation 

The test is reported in terms of the relative color of serum and standard, 
the latter having the value of 1. Thus, if the color of the serum is 10 times 
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as intense as that of the standard, the index is said to be 10. The index 
can be calculated by the formula 

SD . 

= icterus index, 

U 

S and U = readings of standard and unknown respectively, D = the 
number of times the unknown was diluted. 

The icterus index of normal persons under standard conditions seldom 
exceeds 6. If it exceeds 15, clinical jaundice is usually demonstrable. 
However, values as high as this have been reported in patients with carotin- 
emia who had no excess of bilirubin in their sera. Greene, Snell and Walters 
(7) in one such case found an icterus index of 26. 

van den Bergh test 

Reagents. Ehrlich's diazo reagent. A. One gram of sulfanilic acid and 
15 cc. of concentrated hydrochloric acid diluted to 1 liter. 

B. 0.5 gram of sodium nitrite diluted to 100 cc. 

These solutions keep well separately, but not after they have been com- 
bined. The final reagent is prepared just before it is to be used for the 
test, by mixing the reagents in the proportions of 25 cc. of A to 0.75 cc. of B. 

Alcohol, 95 per cent, 

A saturated solution of ammonium sulfate. 

Standard solution of potassium permanganate. 0.7 cc. of 0.1 N potassium 
permanganate diluted with water to 50 cc. This must be renewed fre- 
quently from 0.1 N potassium permanganate which has been standardized 
in the usual manner. 

A cohaltous sulfate standard may be used instead. This is prepared 
by dissolving exactly 2.16 grams of pure anhydrous cobaltous sulfate in 
water and diluting it to 100 cc. This solution will retain its color fairly 
well if preserved in the dark. It does, however, deteriorate, and does not 
exactly match the azobilirubin color. 

Both standards are prepared to match in color a solution containing bili- 
rubin in a concentration of 1 : 200,000 or 0.5 mg. per 100 cc. 

Direct reaction. To 1 cc. of serum, in a small test tube, are added 
2 drops of the diazo reagent. The contents of the tube are mixed thor- 
oughly and the time observed. If there is a prompt direct reaction a 
bluish-violet color will appear at once and reach a maximum intensity in 
less than thirty seconds. 
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Ie the delayed direct reaction a reddish color appears only after 
one to fifteen minutes or more, gradually deepening and becoming more 
violet later. 

In the hiphasic reaction a reddish color appears at once, but 
changes to violet and becomes deeper only after a definite interval. 

In order to facilitate differentiation of these reactions McNee and 
Keefer (13) recommend the adoption of certain modifications proposed 
by Lepehne (10). Lepehne found that caffeine-sodium salicylate 
tended to accelerate the development of color. McNee recommends 
that 0.25 cc. of serum be placed in each of three small tubes. To tube I 
is added 0.2 cc. of water, to tube II a small flake of caffeine-sodium 
salicylate and, after this has dissolved, 0.2 cc. of fresh diazo reagent. 
After the color has developed completely in this tube 0.2 cc. of diazo 
reagent is added to tube III. By comparing the color development in 
tube III with the fully developed color in tube II and the colorless tube 
I, the nature of the reaction can be determined with considerably greater 
accuracy than is possible with the usual technique. 

The indirect reaction 

In the original van den Bergh technique (2) alcohol was first added to 
the serum and the color was then developed by the addition of diazo reagent. 
In most sera which gave only an indirect reaction this order of procedure 
was found to remove the bilirubin almost completely from the protein pre- 
cipitate. In sera which contained very large quantities of bilirubin, and 
especially those that gave a prompt direct action, the alcoholic protein 
precipitate retained considerable amounts of the dye. The test in these 
cases gave low values. More complete recovery could be secured by a 
second alcoholic extraction of the precipitate, but this proved a rather 
unsatisfactory expedient, and complicated the technique considerably. 
Thannhauser and Anderson (18) circumvented the difficulty in another 
manner. They pointed out that the incomplete extraction depended upon 
two factors: 1) the adsorption by proteins, 2) the insolubility of bilirubin 
in alcohol. Although bilirubin is relatively insoluble in alcohol, azobilirubin 
is quite soluble in this medium. They therefore suggested adding the 
diazo reagent before the alcohol. To further promote separation of the 
alcoholic azobilirubin from the precipitate they added, with the alcohol, 
saturated ammonium sulfate. With these modifications more nearly 
quantitative recovery of the bilirubin is secured. 

In his original studies van den Bergh (2) employed pure bilirubin stand- 
ards, although he proposed as a substitute a freshly prepared ethereal solu- 
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tion of ferric sulfocyanate. The high cost of the pigment makes bilirubin 
standards prohibitive. The ethereal ferric sulfocyanate standard proved 
impracticable because of the inconstancy caused by evaporation of the 
solvent. This led van den Bergh (13) to substitute a cobaltous sulfate 
solution. Although this is widely used, it has not proved entirely satis- 
factory because its color does not exactly match that of the azobilirubin and 
because it is not durable. Rhamy and Adams (15) have, therefore, substi- 
tuted a standard potassium permanganate solution. Although this also 
deteriorates, it can be renewed frequently without difficulty in most clinical 
laboratories, where standardized permanganate solutions are regularly 
employed for other analytical purposes. 

Procedure 

To 2 cc. of serum in a centrifuge tube add 1 cc. of diazo reagent. 
After a minute or two introduce 5 cc. of 95 per cent alcohol and 2 cc. of a 
saturated solution of ammonium sulfate. Mix the contents of the tube 
and centrifuge. The supernatant fluid is compared with the standard 
permanganate or cobaltous sulfate solution in a colorimeter. If 2 cc. of 
serum are not available 1 cc. may be used with proportionately reduced 
quantities of all the other reagents. 

Calculation. The result of the test may be expressed in terms of milli- 
grams of bilirubin per 100 cc. of serum. It is, however, common usage to 
express it in terms of bilirubin units, each unit representing in theory a 
concentration equivalent to that of the standard, or 0.5 mg. per 100 cc. As 
the serum, in the analytical procedure, is diluted 5 times, the formula for 
the calculation of the bilirubin is: 

— = units of bilirubin, 
or 

2.5 5 

milligrams of bilirubin in 100 cc. of serum. 

where 5' and U represent colorimetric readings of standard and unknown, 
respectively. 

Normal values. The serum of normal individuals contains from 0.2 to 
0.5 units (0.1 to 0.25 mg. per 100 cc.) of bilirubin. In rare sallow-complex- 
ioned people who were apparently normal McNee (12) found as much as 3 
units (1.5 mg. per 100 cc.). In patients with obstructive jaundice and a 
prompt direct reaction bile can usually be found in the urine when the serum 
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contains more than 4 units (2.0 mg. per 100 cc.). In hemolytic jaundice, 
however, the urine may be free from bile and the serum may give only a 
delayed direct or no direct reaction when the bilirubin content of the 
serum, measured by the indirect method, is far greater, as much as 15 units 
(7.5 mg. per 100 cc.). 
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APPROXIMATE AIR ANALYSIS WITH A GLASS SYRINGE. Y. HENDERSON AND 

A. L. GREENBERG^ * 

This method has been de\dsed primarily to analyze, within 1 volume 
per cent, the oxygen-enriched air of pneumonia tents. 

Apparatus 

The only apparatus required is a graduated glass syringe of about 25 cc. 
capacity. The plunger must move without resistance. The needle is 
attached to the tip of the syringe by a short piece of rubber tubing which is 
kept closed by a spring clamp, except when air or absorbent solutions are 
being drawn into the syringe. It is convenient to have a small stand in 
which the syringe can be held with the tip upwards when gas volumes are 
measured.^ 


Reagents 

10 per cent potassium hydroxide, for absorption of CO 2 . 

Hyposulfite solution, described on page 113, for absorption of oxygen. 
The solution is made immediately before using, and is at once covered 
with a layer of oil to prevent oxidation. 

Procedure 

The barrel and plunger of the syringe are dried, and are lubricated 
with a drop of paraffin' oil, which is worked about so that it forms a thin 
film over the inner surface of the barrel. 

The needle is connected with the syringe by the rubber tube, and the gas 
sample is drawn in. If a sample of air from a pneumonia tent is drawn, 
the needle is thrust through the curtain into the tent, and the plunger 
of the syringe is worked back and forth 2 or 3 times. The pinch clamp 
on the rubber tube is then closed. 

To measure the gas sample, 1 or 2 cc. of water are drawn into the syringe, 
which is at once placed upright, with the needle end uppermost and the 
weight of the syringe resting on the handle of the plunger. As soon as the 
syringe has lost the heat imparted to it by the hand and come to room 
temperature, the volume of the sample is read. The reading should be 

^Henderson, Y., and Greenberg, L. A.: Gas analysis with an all glass syringe for 
pneumonia tents. J. Am. Med. Assn., 1931, 96, 1475. 

^ Syringes for this analysis, and convenient clamps to hold them upright for the gas 
readings, can be obtained from Eimer and Amend, New York City. 
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taken with as little delay as possible, or absorption of CO2 by the water 
in the syringe may become appreciable. 

To absorb CO2, 2 or 3 cc. of the potassium hydroxide solution are drawn 
into the syringe, the spring clamp on the rubber tube being closed as soon 
as the fluid is in the barrel. The solution is rolled about the walls of the 
syringe for about a minute to absorb the CO2. The syringe is then placed 
upright again, with the weight resting on the plunger handle, and the 
volume of gas is read as before. 

To absorb oxygen, most of the KOH solution is expelled, and 2 or 3 cc. 
of the hj’posulfite solution are drawn into the syringe. Absorption is 
accomplished by rolling and shaking the solution about the walls of the 
syringe. The volume of residual gas is then read as after CO2 absorption. 
To make sure that oxygen absorption was complete, the solution is again 
rolled about the walls of the syringe, and the volume reading is repeated. 

When each gas volume is measured, the reading is taken at the upper edge 
of the meniscus in the syringe, where the solution meets the glass. It is not 
taken, as in most volumetric readings, at the bottom of the aqueous menis- 
cus. With the deep red hyposulfite solution, it is impossible To see the 
bottom of the meniscus, and it is necessary to take the other readings by 
the same technique used when hyposulfite is present. 


Calculation 


Per cent CO 2 = 100 X 


^KOE 

HiO 


Per cent Oo = 100 X 


V — V 
KOE '' hypo 

^EiO 


y E«o = volume of gas sample measured over water} V s.oh = volume 
of gas measured over KOH solution after absorption of CO2; Vhypo = 
volume of gas measured over hyposulfite solution after absorption of 
oxygen. 

In some cases it is known that the CO2 content is insignificant and only 
the O2 content is desired. The absorption of CO2 with KOH solution can 
then be dispensed with, and O2 and CO2 absorbed together with the alkaline 
hyposulfite as soon as the sample has been measured. Then the calculation 
becomes: 


yiiypo 

E^O 


Per cent C 2 d- CO 2 = 100 X 
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A PIPETTE POR THE HANDLING OF WHOLE BLOOD SAMPLES, FOR USE WITH 
THE GASOMETRIC APPARATUS (gUEST“) 

The pipette® shown in figure 92 is made from a three-way stop-cock with 
2 mm. capillary tubes. The holes of the cock should fit exactly the openings 
of the upper and lower dehvery tubes. Bulbs are blown in the tubes as 
shown, and the lower bulb A is calibrated by weighing mercury io contain 
1, 0.5, or 0.2 cc. from the bottom of the stop-cock to the tip of the tube; 
the upper bulb B is calibrated by weighing water to deliver 1 cc. from the 
bottom of the stop-cock to a mark above the bulb. 



Fig. 92. Guest’s automatic pipette for use in blood gas analyses. Bulb A is cali- 
brated to contain; bulb B is calibrated to deliver. 

To prepare the pipette for use in determination of CO 2 or O 2 in blood, 
C02-free water or air-free ferricyanide solution is drawn through A and B 
to the mark above B, care being taken that no air bubbles are caught at the 
capillary of the cock. The cock is then turned to deliver through the side 
arm C, and the bulb A and side arm C are dried by suction, alcohol and 
ether being used as usual. 

® Guest, G. M. ; A pipette for the handling of whole blood samples, for use with the 
Van Slyke gasometric apparatus. J. Biol. Chem., 1931, 94, 507. 

® This pipette is made by the Central Scientific Company, Chicago. 
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The blood is drawn by gentle suction to slightly above the stop-cock in 
the side arm C. The cock is then turned at a right angle, automatically 
cutting off the exact sample in the bulb A , and a rubber band is then placed 
over the tip of the bulb A and around the hub of the stop-cock. The pipette 
may be carried thus to the laboratory (preferably in an upright position), 
or without a rubber band the pipette may be thrust into a test-tube filled 
with mercury, which effectively closes the lower end. The mercury may be 
chilled to stop enzyme changes in the blood. 

For the delivery of the sample into the blood gas apparatus, the cup of the 
apparatus receives the usual amount of C02-free water or air-free ferri- 
cyanide solution, less 1 cc., and the tip of the pipette is inserted into the cup 
under this layer of fluid. The cock is then turned to deliver from the bulb 
B, and as the blood is delivered the water from bulb B rinses the blood from 
the lower bulb. 

The tip of the pipette is provided with a rubber ring, as in figures 29 
and 30. 

DETERMINATION OP PATTY ACID UNSATURATION IN TERMS OP THE IODINE 
NUMBER.^ PAGE, PASTERNAK, AND BURT® 

Page, Pasternak and Burt® have slightly modified the Rosenmund- 
Kuhnhenn® method so that it is applicable as a micro-method to the various 
fractions (total lipoid, phosphatide, fatty acid) obtained in the Bang-Bloor 
method of blood lipoid analysis. 

Reagents 

Pyridine sulfate dibromide solution. Eight grams of pyridine and 10 
grams of concentrated sulfuric acid are dissolved with ice cooling in 20 cc. 
each of glacial acetic acid. It is important to use only the purest acetic acid. 
The two solutions are now mixed together, and to the mixture 8 grams of 
bromine in 20 cc. glacial acetic acid are added. Making the volume up to 
1 liter gives a 0.1 n solution. This is diluted as needed in the analysis. 

Sodium thiosulfate, 0.1 n (see p. 33). 

Potassium iodide, 10 per cent solution. 

1 per cent starch solution, (see p. 34). 

^ The authors are indebted to Dr. I. H, Page for writing the description of this method. 

®Page, I. H., Pasternak, L., and Burt, M. L.: tJber den Transport von Fettenund 
Lipoiden durch Blut nach Oleingabe. Biochem. Zeit., 1930, 223 , 445. 

®Rosenmund, K. W., and Kuhnhenn, W.: Eine neue Methode zur Jodzahlbestim- 
mung in Fetten und Olen unter Verwendung von Puridinsulfatdibromid. Zeit.f. unter.' 
d. Nahr. u. Genuss, 1923, 46, 154. 
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Procedure 

About 3 milligram samples are employed, dissolved in 2 cc. of choloroform 
in a 50-cc. glass stoppered Erlenmeyer flask. One cubic centimeter of n/ 20 
pyridine sulfate dibromide is added from a micro-pipette. The closed flask 
is allowed to stand exactly 15 minutes, 0.3 cc. of 10 per cent K.I is added 
and the solution titrated to light yellow with n/20 sodium thiosulfate (see 
p. 13). Then add 2 or 3 drops of starch solution and titrate to the color of 
the blank. Towards the end of the titration it is important to shake the solu- 
tion well. A blank is carried out at the same time to determine the titer of 
the pyridine sulfate dibromide solution. For certain oils such as linseed a 
slightly greater excess of the bromine solution is necessary. 

Calculation 

0.635 X (A - jS) 

Iodine number = 

weight sample in grams 

A — CC. n/ 20 sodium thiosulfate in blank. 

B = CC. n/20 sodium thiosulfate in analysis. 

The iodine number is the number of grams of iodine absorbed by 100 grams 
of lipoid. 

The calculation of the number of molecules of iodine taken up per molecule 
of a fatty acid, and therefore of the number of unsaturated linkings in the 
fatty acid molecule, is made as follows. 

Moles I 2 grams I 2 -p 254 

Moles fatty acid grams fatty acid -P molecular weight 

_ 0.00635 (A — J5) ^ molecular weight of fatty acid 
grams fatty acid 254 

SIMPLE TESTS FOR PLASMA PROTEIN CONTENTS BELOW THE EDEMA-PRODUCING 

LEVEL 

As shown in the chapter of Volume I on the proteins of the body fluids, 
depletion of the plasma proteins produces a tendency to edema formation of 
the type ordinarily encountered in nephritis. The albumin appears to be 
more than twice as efficient, gram for gram, as is the globulin in maintaining 
the colloid osmotic pressure of the plasma and thereby preventing edema 
formation, so that the total protein content indicates the state of the blood, 
with respect to edema-forming tendency somewhat less exactly than it would 
be indicated by complete albumin and globulin determinations. Never- 
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theless, as shown by figure 70, page 683 of Volume I, the total protein con- 
tent is in the great majority of nephritic cases closely related to the edema 
forming tendency: below a critical level of about 5.3 per cent of total pro- 
tein, and a specific. gravity of 1.023 in the plasma, edema is almost uniformly 
present. When protein analyses can not be done, it is frequently of interest 
to ascertain by a quick and simple test merely whether the protein content 
is markedly above or below this critical level. Two tests for this purpose 
will be described. 

SPECIEIC GRAVITY TEST BY SUSPENDED DROP. PAGE AND VAN SLYKE’-® 

Principle. The principle employed is the well known one of suspending a 
drop of plasma in a fluid of known specific gravity, and observing whether 
the drop rises or falls. In this case the fluid used is either monofluoro- 
benzene or a mixture of monochlorobenzene and xylene. If kept in a closely 
stoppered bottle this mixture w^ill remain unchanged for some months, per- 
haps indefinitely. Fluorobenzene has the advantage that it can not change 
by evaporation, but is somewhat more expensive than the xylene-chloro- 
benzene mixture. 


Reagents 

Xylene-chlorobenzene mixture. One volume of xylene is mixed with 2.06 
volumes of mono chlorobenzene. 

Fluorobenzene, pure. 

The specific gravity of either the mixture or the fluorobenzene should be 
1.0235 at 20°. It should be tested. If an accurate pycnometer is not avail- 
able, the following test may be applied. A salt solution of specific gravity, 
D“<> = 1.0235, is prepared by dissolving 3.37 grams of pure fused NaCl in 
water and making up to 100 cc. A drop of solution, let fall as described be- 
low into the fluorobenzene or the xylene-chlorobenzene mixture, should 
remain suspended, and neither rise nor fall in the organic fluid. 

Procedure. The blood is drawn, mixed with heparin or not over 
2 mg. of oxalate per cubic centimeter and centrifuged, as described on 
pages 689 or 61. A few cubic centimeters of the organic mixture are 
placed in a test tube. The temperature should be between 20° and 25°. 

A drop of the plasma is let fall into the mixture from a pipette, the tip of 
which is held 1 or 2 cm. above the surface of the organic fluid. If the 
plasma drop rises the specific gravity is below the critical level, 1.023. 
Plasma with specific gravity near the critical level will float about within 
the organic fluid, with little tendency to rise or fall. 

Page, I. H., and Van Slyke, D. D. : Unpublished. 
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COLORIMETRIC TEST OP FISHBERG AND DOLIN^^ 

Principle. This test depends upon the buffer power of the plasma pro- 
teins. If a definite amount of standard acid is added to plasma, the acid is 
in part neutralized by the plasma bicarbonate. The rest- of the acid reacts 
with the alkali proteinates of the plasma proteins, in the manner indicated 
by the equation, HCl + B Protein = BCl + H Protein. The less the 
amount of protein present, the greater will be the proportion of it changed 
by a given amount of HCl into the acid form, H Protein, and the lower will 
the pH of the acid-plasma mixture. If the plasma bicarbonate is constant, 
the fall in plasma pH caused by addition of a suitable constant proportion 
of HCl is a nearly constant linear function of the protein content. In Fish- 
berg and Dolin’s test, HCl equivalent to 50 millimoles per liter of plasma is 
added. The 25-30 millimoles of plasma bicarbonate normally present react 
with part of the HCl, leaving 20-25 millimoles to react with the proteinates. 
It is obvious that if the plasma bicarbonate is significantly above or below 
the normal range, the amount of HCl left to react with the protein will be 
too much altered to permit reliable results. When there is no alkalosis or 
acidosis, however, the plasma bicarbonate is within sufficiently constant 
limits to permit application of the method. 


Reagents 

0.1 N hydrochloric acid. 

Methyl red solutioyi, see table 68, page 812. 

Procedure. To 0.5 cc. of serum add 0.5 cc. of distilled water, 0.25 cc. of 
0.1 N hydrochloric acid, and 2 drops of methyl red solution. The relation- 
ship of color to protein content is indicated by the following table. 


Color 

Yello-w 

Yello-w-orange 
Pink-orange. . 

Pink 

Red 


Per cent of protein 
. Over 6 
. About S 
. About 4 
. About 3 
. Below 3 


MANOMETRIC DETERMINATION OP FREE AMINO ACID NITROGEN IN URINE. 
VAN SLYEE AND KIRK’-^ 

The nitrous acid gasometric method is used (see p. 385). Ammonia and 
urea must be removed because both react with nitrous acid. The removal is 
accomplished, as in a former application of the nitrous acid reaction to 

^Fishberg, Ella H., and Dolin, B. T.t Determination of serum proteins. Proc. Soc. 
Exp. Biol. Med., 1930, 28, 205. 

Van Slyke, D. D., and Kirk, Esben. Unpublished. 
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urine/'^ by changing the urea to ammonium carbonate with urease, the total 
ammonia being then removed. It has been found that distillation in vacuo 
is the most convenient and certain way to remove the ammonia. Boiling or 
concentrating at 100° with even mild alkalies results in some loss of amino 
nitrogen. Precipitation of ammonia with phosphotungstic acid is not 
suf&ciently complete. Absorption with permutit, when used with the 
repetition necessary to remove the last traces of ammonia, proved more 
time-consuming and less certain that distillation in vacuo. 

As shown previously,’® urine contains amines other than the amino acids, 
which react slowly with nitrous acid. To correct for the relatively small 
amount of nitrogen from such amines which reacts during the 3 to 5 minutes 
required for complete reaction of the amino acid NH 2 groups, the reaction 
■with nitrous acid is carried out in two periods. The first, of 3 to 5 minutes, 
depending on temperature (p. 395) gives the nitrogen of the amino acids 
plus a smaller amount from slowly reacting amines. The nitrogen yielded 
during this period is collected separately, and the reaction is continued for a 
second, equal period. The slowly reacting amines yield nearly the same 
amount of nitrogen during the second as during the first period. Conse- 
quently the amount obtained in the second period is subtracted from that of 
the first, in order to obtain the amino acid nitrogen. 

Reagents 

Urease, 10 per cent solution (see p. 545). 

Phosphate buffer, 5 grams of KH2PO4 and 5 grams of Na 2 HP 04 - I 2 H 2 O 
(or 2 grams of anhydrous Na 2 HP 04 ) per 100 cc. 

Zinc sulfate 10 per cent. Ten grams of ZnS04 -71120 per 100 cc. (see 
p. 481). 

Sodium hydroxide, about 1 n. 

Thymol blue, 0.1 per cent, see p. 812. 

Reagents for manometric amino nitrogen on p. 386. 

Two Hempel pipettes of the kind sho-wn in figures 55-57, p. 388-90, are 
filled with alkaline permanganate. 

Procedure 

Digestion with urease. Ten cubic centimeters of urine are mixed in a 100 
cc. volumetric flask with 0.5 cc. of 10 per cent urease solution, 10 cc. of phos- 
phate buffer solution, and 50 cc, of water. The mixture is saturated with 
toluene and left at incubator temperature (35° to 40°) over night for the 

Van Slyke, D. D.; Improved methods in the gasometric determination of free and 
conjugated amino acid nitrogen in urine. J. Biol. Chem., 1913, 16, 125. 
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urease to complete the hydrolysis of the urea. Then 1 0 cc. of the zinc sul- 
fate solution are added to precipitate proteins and clear the urine, and the 
mixture is diluted up to 100 cc. and filtered. 

Distillation of ammonia. Fifty cubic centimeters of the filtrate are trans- 
ferred to the 500 cc. double-necked distilling flask shown in figure 93, a drop 
of thymol blue is added, and enough sodium hydroxide, drop by drop, to 
turn the solution blue. The distilling and condensing flasks are connected 
by the familiar arrangement shown in figure 93, the system is evacuated, and 
the distilling flask is then immersed in a bath of warm water. A slight 
stream of air drawn through the fine capillary serves to maintain smooth 
boiling, but if the capillary is drawn properly fine, the volume of air let in 



does not significantly affect the vacuum. The capillary may be replaced 
by pieces of porous clay. The rubber stoppers should be cleaned, as de- 
scribed in Chapter I, and moisten^ed with water to make air-tight connections 
with the glass. With a properly assembled distilling apparatus, distilla- 
tions can be run off at the rate of about one each 15 minutes, and require 
little attention. Distillation is continued until the volume of residual solu- 
tion is diminished to about 10 cc. Then the solution is acidified with a few 
drops of glacial acetic acid, and submitted to vacuum for a moment to 
remove CO 2 bubbles. 

The residue is washed with several small portions of water into a 25-cc. 
measuring flask, and brought to 25-cc. volume. 

Determination of amino nitrogen. In a 5-cc. portion the amino nitrogen is 
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determined as described on pages 385-9-lr. The duration of the reaction 
with nitrous acid is accurately set according to the temperature as shown 
in figures 58 on page 395. At the end of the reaction period the NO-N 2 
gas mixture is run into a Hempel pipette provided with permanganate, 
as described on pages 390-91. 

After the transfer, hovrever, the nitrous acid-urine reaction mixture is not 
ejected from the manometric chamber. Instead, it is lowered in the cham- 
ber until the mercury is a little above the 50- cc. mark, and the reaction 
is permitted to continue again exactly as long as during the first reaction 
period. The duration of the second reaction is measured from the moment 
the first one was ended. During the last minute of the second reaction the 
chamber is shaken, as usual, and the gases are then transferred to the second 
permanganate-filled Hempel pipette. 

The N 2 -NO mixtures in both Hempel pipettes are freed of NO as described 
on page 391. The residual N 2 from each is returned to the manometric 
chamber as described on page 391, and is measured as described on page 392. 
Both gas portions may be measured in succession over the same portion 
of deaerated water. Usually there is sufficient nitrogen formed during the 
first period to exert over 100 mm. pressure at 2 cc. volume: if the pressure 
at 2 cc. is less than 100 mm. better accuracy can be obtained by measuring at 
0.5 cc. volume. 

Blank analyses are carried through in the same manner, including urease 
digestion and zinc treatment, except that water replaces the urine. 

Calculation 

(/rj/ period) = p\ — pa — Ci 
{second period) = p2 — po — Co 
Pj^ {ammo acid) = P^ {first period) — Pj^ {second period) 

In these formulae, pi and have the significance indicated under ‘‘Meas- 
uring nitrogen gas” on page 392, p 2 is the reading corresponding to pi but 
obtained during the second reaction period, Ci and C 2 are the values of Pyo 
for the first and second reaction periods respectively, obtained in the blank 
analyses. 

To calculate grams of amino acid nitrogen per liter of urine, Pn 2 {amino 
acid) is multiplied by the proper factor from the second or third column of 
table 40 on page 399. Since the sample represents 1 cc. of urine, the 
amino acid nitrogen found in it represents milligrams in 1 cc. of urine, or 
grams in a liter. 
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CHLORIDE IN BLOOD PLASMA. OPEN CARIUS DIGESTION WITH lODOMETRIC 
TITRATION. VAN SLYKE, .A.LVING, AND HILLERI^ 

Plasma or serum is digested with nitric acid and silver nitrate, and the 
silver chloride is filtered off. In aliquots of the filtrate the excess silver is 
titrated iodometrically by the method of McLean and Van Slyke (p. 832). 

One cubic centimeter of plasma suffices for duplicate analyses. *The 
method, in the writers’ hands, has offered the nearest approach to micro 
quantities without loss of accuracy. For discussion of the open Carius di- 
gestion and of the iodometric titration, see p. 831, 832, 84-5. 

Reagents 

The 0.05 N silver nitrate in concentrakd nitric acid, or the alternative 0.15 
N aqueous silver nitrate, described on pages 835 and 836. 

Bufered starch-niirite-citrate soltion, see p. 844. 

0.01 N potassium iodide. To standardize the iodide, 3.000 cc. of the 0.05 
N AgNOs in concentrated HNO3 are diluted to 25 cc., and 10 cc. aliquots are 
'■ treated with starch-nitrite solution and titrated with the iodide as described 
below. Of the 0.01 n iodide, the amount required should be 6.00 cc. plus 
the amount required to give the end-point, which is usually 0.15 cc. (see p. 
845). 

Procedure, 

One cubic centimeter of plasma is digested in a 25-cc. Pyrex volumetric 
flask as described on p. 836-7, with 3 cc. of the acid 0.05 n silver nitrate, or 
with 1 cc. of 0.15 N aqueous silver nitrate plus 3 cc. of concentrated nitric 
acid. The digested mixture is cooled, diluted to the mark, and filtred 
through a dry paper. 

Of the filtrate 10 cc. are pipetted into a 50 cc. flask, or wide test lube. 
Four cubic centimeters of the starch-nitrite solution are added, and the mix- 
ture is titrated to a blue end-point with 0.01 n iodide from a micro burette. 

To assist in detecting the end-point, a control is prepared as follows: 
One cubic centimeter of the 0.05 n silver nitrate in concentrated nitric acid 
is placed in a 25-cc. flask, together with 2 cc. of additional concentrated 
HNO3. The mixture is diluted to 25 cc. A 10-cc. portion is treated with 
with 4 cc. of starch-nitrite solution, and is titrated past the end-point with 
the 0.01 N postassium iodide. Then a drop or two of the 0.05 n silver nitrate 
is added to remove the blue color. This tube, containing a fluid of turbidity 


Van Slyke, D. D., Alving, A., and Hiller, A. E.; Unpublished. 
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similar to that of the titrated tube, is held near the latter during titration. 
When as much as 0.01 cc. of e.xcess 0.01 n KI is added to the latter, it becomes 
obviously darker than the control. The difference is most readily seen by 
looking down through both tubes upon a white surface below. See remarks 
concerning end-point on page 845. 

Calculation 

25 {B — A) = niilli-cquivalents of Cl per liter plasma 
146 . 2 (B — .4) = chloride calculated as milligrams NaCl per 100 cc. 

B = cc. of 0.01 N iodide to titrate a blank. The value of B is approxi- 
mately 6.15 cc. A = cc. of iodide required in the analysis. 

ANALYSIS OF GASTRIC CONTENTS FOR FREE HYDROCHLORIC ACID, TOTAL 
CHLORIDES, AND TOTAL BASE 

Clearing gastric contents 

The contents may be filtered through a folded paper if there is sufficient time 
and material, but the filtration is usually slow. 

Centrifugation removes the solid particles, but not the mucous, which 
rises towards the top. Centrifugation followed by filtration may be 
satisfactory. 

As a general method, G. A. Harrison especially recommends filtration by 
pressure through closely packed absorbent cotton}^ He states that each of the 
following procedures for this purpose is easily carried out, but that the 
preferable one from the point of convenience is that in which centrifugation 
is used. He attributes it to the school of Sir F. Gowland Hopkins. The 
sample of gastric contents is placed in a heavy centrifuge tube with straight, 
non-tapering walls. A wad of absorbent cotton about an inch thick is 
tightly packed together and forced into the tube. The latter is then centri- 
fuged at high speed for 15 minutes. The cotton plug is forced into the 
bottom of the tube leaving a layer of clear gastric juice above. 

Instead of centrifuging, the cotton plug may be pushed down through 
the fluid with a very stout footed glass rod. 

Another alternative employs a syringe in place of a centrifuge tube. 
The cotton plug is pressed into the tip of the barrel, the gastric fluid is then 
poured in. The plunger, lubricated with paraffin oil, is then inserted into 
the barrel, and is pressed to force the fluid through the cotton. 

Harrison, G. A. : Chemical Methods in Clinical Medicine. London, 1930. 
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Titraiion oj free hydrochloric acid 

The gastric contents are titrated with alkali to an end-point of approxi- 
mately pH 2 with thymol blue as indicator. At this point free HCl in 0.01 n 
concentration remains still untitrated. This is equivalent to 10 cc. of free 
0.1 N hydrochloric acid per 100 cc. of gastric contents. To be exact, there- 
fore, one should add 10 millimoles per liter, or 10 cc. of 0.1 n HCl per 100 cc., 
to the result obtained by the titration. The more common procedure is to 
neglect this addition, and to express as free HCl only that titrated to the 
end-point of thymol blue or an indicator of similar acid end-point. 

Reagents 

0.1 A sodium hydroxide, see page 31. 

O.l per cent thymol blue solution, see table 68, page 812. 

Procedure 

To 10 cc. of the cleared fluid 4 or 5 drops of thymol blue solution are 
added. The 0.1 n sodium hydroxide is then added from a burette until the 
red changes to a yellow orange. 

Or a micro titration may be performed on 2 cc. of the cleared contents, to 
which 1 drop of thymol blue solution is added. In this case the 0.1 n alkali 
is added from a micro burette, such as that of Bang (figure 1, page 13). 

Calculation 

The results, expressed as either cc. of 0.1 n free HCl per 100 cc. of gastric 
contents, or as millimoles of HCl per liter of contents, are calculated by the 
formula, 

100 X (cubic centimeters of 0.1 iVNaOH used in titration) 
cubic centimeters of contents titrated 

When the sample is 10 cc., the result is therefore calculated by multiplying 
the cubic centimeters of 0.1 n alkali used by 10, while when the sample is 2 cc. 
the cubic centimeters of alkali are multiplied by 50. 

A correction of 10 for untitrated acid may be added to the result, as ex- 
plained above. 

Remarks 

It has been customary to perform a second titration from the end-point 
of the above titration to an alkaline end-point of pH about 8.5 with the 
end-point of phenolphthalein or of the yellow-blue alkaline change of thymol 
blue. The alkali used to titrate from pH 2 to 8.5 has been expressed as a 
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measure of the organic acids, or as the rest of the total acidity of the gastric 
fluid. Such a titration would in fact include the organic acids (see page 646), 
but it is uncertain what other buffers, basic and acid, active between pH 2 
and 8, it also includes in gastric fluid collected under various conditions. 
(See discussion of buffers, page 888 of Volume I.) Unless a well defined 
especial object is in view, there seems at present to be little advantage in 
performing this added titration: the interpretation of the results is too 
indefinite. 

Determination oj total chlorides 

On a sample of 1 cc. or less of cleared contents, the chloride may be deter- 
mined by the open Carius method described for blood serum on pages 835- 
838. 

Determination of total base 

The methods for total base in blood serum described in chapter 23 may be 
applied to gastric contents. 

In acid gastric juice, the difference, Cl — total base, represents approxi- 
mately the free HCl.^® 

SULPATE IN BLOOD. MICRO TITRATION METHOD OE COPE^^ 

The benzidine sulfate precipitates obtained in Hubbard’s methods, 
(p. 902-905) are titrated with 0.02 N alkali, according to the principles out- 
lined on page 890, by means of Rehberg’s micro burette. Cope was able 
thus to obtain more reliable results than by colorimetric estimation of the 
benzidine in the precipitates. 


Apparatus 

Rehherg’s micro burette, described on page 14. 

Conical Pyrex centrifuge tubes. 

Glass steam jacket, shown in figure 93, for heating the bottom of the centri- 
fuge tube during titration. 

Reagents 

Benzidine base, 1 per cent solution in pure acetone. 

Trichloroacetic acid, 20 per cent, sulfate-free (see page 899). 

Pure acetone. 

0.02 N sodium hydroxide, carbonate-free (see p. 29). 

See Gamble’s work reviewed on p. 773-776 of Volume I. 

Cope, C. L.: Determination of inorganic sulfate in human blood plasma by micro- 
titration. BiocJmn. J., 1931,23, 1183. 
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Procedure 

The serum filtrate and the precipitates of benzidine sulfate are prepared 
and washed as described on pages 903 and 904. The same amounts of 
serum filtrate are taken, so that each portion represents 1 cc. of serum. 

The washed precipitates are titrated as follows: To the precipitate in the 
tube 0.5 cc. of water is added. Phenolphthalein is added by dipping the tip 
of a fine glass rod into the indicator solution and inserting it into the centri- 
fuge tube, where it may be allowed to remain, as it is useful in breaking up 
the precipitate during the titration. The centrifuge tube with its fine glass 



Fig, 94. Glass steam jacket for heating tube in which micro titration of benzidine 
sulfate is done. From Cope.^® 

Stirring rod is then inserted into the steam jacket, as shown in figure 93, and 
the whole is arranged so that the tip of the micro burette just tips beneath 
the surface of the liquid in the tube. The tube for bubbling C02-free air is 
next placed in position, and a gentle stream is commenced. 

It is advisable to carry the titration as far as possible before the steam is 
turned on, in order to avoid heating the burette more than is necessary. 
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When the pink color due to the added alkali tends to become persistent, 
the steam is turned on, and the titration is completed as rapidly as possible 
at 100°. No difficulty is encountered in detecting the first appearance of a 
permanent pink if good lighting be arranged. Before removing the tube its 
sides are well washed down by turning on the air supply fuUy for a moment, 
and further alkali is added if necessary. The centrifuge tube and jacket 
are then immediately removed from the tip of the burette. Some haste is 
desirable during these later stages in order to minimize the heating of the 
fluid in the burette during the titration. After the tube is withdrawn cool- 
ing leads to a slight retraction of fluid from the tip of the burette. The 
mensicus must be brought once again to the tip by turning the control screw, 
before the final reading of the burette is made. 

A blank titration is necessary in order to determine the amount of alkali 
required to produce a definite pink color in 0.5 cc. of distilled water at 100°. 
This usually lies between 3.0 and 4.5 cubic millimeters of 0.02 n sodium hy- 
droxide, and the blank must be subtracted from the titration figure. 

Calculation 

The calculations are the same given on pages 896-897 for the benzidine 
titration method applied to urine, since 0.02 n alkali is used both for that and 
this procedure. In the present blood analyses, the volume F is 1 cc. One 
additional formula may be needed for blood: 

32 (4 •— C) = milligrains of sulfur per 100 cc. of serum 

SIMPLIEIED COLORIMETRIC DETERMINATION OR BLOOD UREA CLEARANCE. 

VAN SLYKE AND COPE^® 

Principle. The urea contents of urine and blood are compared in a color- 
imeter in such a manner that a single reading gives directly the percentage 
of average normal renal function in terms of the clearance. The urine is 
first diluted to such an extent that if the clearance, either standard or max- 
imum, is the average for a normal subject, the urea concentrations in blood 
and diluted urine will be equal. The urea in both blood and urine is con- 
verted into ammonia with urease, proteins and other interfering substances 
are removed, and the ammonia contents of the two filtrates are compared 
colorimetrically. 

Van Slyke, D. D., and Cope, C. L.; Simplified colorimetric determination of blood 
urea clearance. Proc. Soc. Exp. Biol. Med., May, 1932. 

For a discussion of the blood urea clearance, see page 564, this volume, and page 345 of 
Volume I. 
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No standard solutions are required, because the blood is compared directly 
with the urine. 


The number of times the urine must be diluted for comparison with the blood is found 
by reference to the curve of figure 95. 

This curve is computed as follows: The average maximum clearance (for urine volumes 
over 2 cc. per minute) is 75 (see p. 564-65). The maximum clearance is calculated as 


where V is reckoned in cubic centimeters of urine per minute, B is blood urea concentra- 
tion, and U is urine urea concentration. When Cm has the average normal value of 75, 
the ratio U/B is calculated therefore as IJ/B = 75/ F. When V is e.xpressed in cubic 
centimeters of urine per hour, the calculation changes to U/B = 4500/ F. The ratio U/B 
is the number of times a portion of the urine must be diluted in order to bring its urea 
concentration down to that of the blood, when the clearance is normal. The U/B values 
thus calculated are expressed by the higher part of the curve of figure 95. 

If the urine volume is below 2 cc. per minute, the formula which holds is that of the 


standard clearance, Cs = 


ztVf 

B 


and the average normal value of Ca is 54. The number 


of times dilution required for urines excreted at rates less than 2 cc. per minute is therefore 
calculated &sU/B = 54/V’ V when V is expressed in cubic centimeters of urine per minute, 
or as U/B = 54 X V60/Vf = 418/Vf whenF is expressed in cubic centimeters of urine 
per hour. The dilution ratios thus calculated are indicated by the lower part of the 
curve of figure 95. Plotting the curve logarithmically gives it a rectilinear form, with a 
break at the augmentation limit where the Cs formula is replaced by the C,,, formula. 


Reagents 

Permutit, see p. 577-78. 

Urease, 10 per cent solution, see p. 545. 

Phosphate hufer, 5 grams of KH 2 PO 4 , and either 5 grams of NazHPOr- 
I 2 H 2 O or 2 grams of anhydrous Na 2 HP 04 , per 100 cc. 

Somogy’s acid zinc sulfate solution for precipitating proteins. 12.5 grams 
of ZnS 04 - 7 H 2 O and 125 cc. of 0.25 N sulfuric acid diluted to 1 liter. 

0.75 N sodium hydroxide. 

Nessler’s soUition, p. 532, 

Sodium citrate, pulverized. 


Conditions for collecting blood and urine 

These are outlined on page 564, where there is also a general discussion 
of the clearance. Urine is collected during two successive periods of one 
hour each, and the volume in each hour is accurately measured. Blood is 
drawn at about the middle of the two-hour period. Citrate instead of oxalate 
should be used to prevent coagulation. Oxalate is likely to cause develop- 
ment of turbidity when the blood filtrate is nesslerized. 



Upine volume per hour in cc. 
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Treatment of urine 

1. Removal of preformed ammonia. Of the urine collected during each 
hour, place about 10 cc. in a small Erlenmeyer flask with 2 grams of permutit 



100 90 80 70 60 50 45 40 35 30 25 20 16 10 

Number o| times to dilate the urine 

Fig. 95. Urine dilution chart for simplified blood urea clearance 
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and rotate for 5 minutes to absorb ammonia. Filter through a dry filter 
paper. 

2, Treatment with urease. Place in a 100-cc. cylinder a volume of permutit- 
treated urine, 1, 2, or more cubic centimeters, such that when later diluted 
according to figure 95 the resultant volume will be between 50 and 100 cc. 
To the undiluted urine in the cylinder add 5 cc. of the phosphate buffer solu- 
tion and 1 cc. of the 10 per cent urease. Let stand 10 minutes, preferably 
not much longer in order not to give ammonia opportunity to volatilize. 

3. Dilution and removal of protein and other interfering suhsta^ices. After 
the urease has acted 10 minutes 3 cc. of the zinc sulfate solution are added. 
It reacts with the phosphate buffer to produce a precipitate which clears the 
urine. The mixture is then diluted up to the volume calculated from figure 
95 . After standing a few minutes, the solution is passed through a dry filter. 
A slight cloudiness may be present in the filtrate, but the turbidity disap- 
pears when the filtrate is nesslerized. A portion of the filtrate, 2 or 5 cc., is 
pipetted into a volumetric flask and diluted 10 times, in order to parallel the 
lO'fold dilution which the blood undergoes. 

If the subject is a child, or deviates greatly from usual adult size, a correc- 
tion for body size is introduced by multiplying the observed volume of the 
hour’s urine by the proper factor from figure 78, p. 569, and using the urine 
volume thus multiplied as the ordinate for figure 95. 

Example. If the urine volume per hour is 80 cc., figure 95 indicates that the urine 
should be diluted 46.8 times. This holds for any adult within usual size limits. 

If, however, the subject is a child of 1.40 meters height, the 80 cc. observed hour’s 
volume is multiplied by the factor 1.49 from figure 78, The corrected volume, 119 cc., 
is then interpolated on the curve of figure 95, and indicates that the urine should be diluted 
only 37.5 times. 


Treatment of blood 

1. Digestion with urease. The volume of blood sample required depends 
upon the volume of solution necessary for a reading in the colorimeter used. 
If 5 cc. of solution suffice for the colorimeter, 1 cc. of blood will do, unless 
an unexpectedly low clearance value necessitates the use of a fresh portion of 
of filtrate for supplementary dilution. In general, a 2-cc. sample is adequate. 

The sample is mixed with 0.1 its volume of 10 per cent urease, and let 
stand 10 or 15 minutes. 

2. -Removal of blood proteins. For each cubic centimeter of blood sample, 
7.9. cc.of Somogyi’s acid zinc sulfate solution are added, then 1 cc. of 0.75 n 
sodium hydroxide. After standing for some minutes the fluid is passed 
through a dry filter. 
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N esslerization and comparison of blood ayid ur hie filtrates 

Equal volumes of the blood filtrate, 5, 10, or 20 cc., as required by the 
colorimeter, and of the 10-fold diluted urine filtrate are pipetted into dry 
vessels, and a trace of sodium citrate powder is added from the point of a 
knife to each and allowed to dissolve. The citrate retards development 
of turbidity after nesslerization. To each measured portion of filtrate one- 
tenth its volume of Nessler’s solution is added, and the solutions are at once 
compared in a colorimeter. The nesslerization may be done in the colorim- 
eter cups if they are dried before the filtrates are measured in. 


Calculation 


If the colors of the two filtrates are such that the higher scale reading does 
not exceed twice the lower, the clearance is calculated directly from the 
colorimeter scale readings. 


Per cent of average normal clearance 


100 (B) 
iU) 


(B) represents the reading of the blood filtrate, and (U) the reading of the 
urine filtrate. (The readings are inversely proportional to the concentra- 
tions, hence the inversion of the usual concentration formula.) 

If the clearance is less than half average normal, the blood filtrate when 
nesslerized will be more than twice as deep in color as the urine filtrate. In 
such a case the preliminary (B)/(U) reading is made in the above manner. 
Then a fresh portion of the blood filtrate is diluted 2, 3, 5 or 10 times, as 
indicated by the preliminary reading, in order to bring the (B)/(U) ratio 
into the neighborhood of unity. A portion of the diluted blood filtrate is 
then nesslerized and compared with a fresh portion of the urine filtrate simul- 
taneously nesslerized. The calculation then becomes: 


Per cent of average normal clearance 


100 {B) 
D (JJ) 


D represents the number of times the blood filtrate has been diluted, before 
the final nesslerization in cases where a low clearance necessitates such dilu- 
tion. If the subject is known to have a low clearance, the time required for 
the preliminary reading can usually be saved by diluting the blood filtrate to 
the extent probably necessary before the first reading is made. 

Clearances by this method are not so accurate as those based on gaso- 
metric or titrimetric urea determinations, from which they may deviate by 
several parts per hundred. The accuracy appears, however, to suffice for 
most of the purposes to which the clearance is applied. 
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Aluminum. . 
Antimony. . 
Arsenic. . . . 
ifarium. . . . 
Bismuth. . . 

Boron 

Bromine. . . 
Calcium. . . . 
Carbon. . . . 
Chlorine. . . . 
Chromium. . 

Cobalt 

Copper 

Fluorine. . . . 

Gold 

Hydrogen. . . 

Iodine 

Iron. . ; 

Lead 

Magnesium. . 
Manganese. . 
Mercury. . . . 
Molybdenum 

Nickel 

Nitrogen .... 

Oxygen 

Palladium . . . 
Phosphorus. . 

Platinum 

Potassium. . . 

Radium 

Silicon 

Silver 

Sodium 

Strontium 

Sulfur 

Tin 

Tungsten . . . . 

Uranium 

Zinc 
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INTERN.4TIONAL ATOMIC WEIGHTS 


N.'WE 


SYMBOL 

ATOMIC WEIGHT 

A1 

26.97 

Sb 

121.26 

As 

74.93 

Ba 

137.36 

Bi 

209.00 

B 

10.82 

Br 

79.916 

Ca 

40.08 

C 

12.00 

Cl 

35.457 

Cr 

52.01 

Co 

58.94 

Cu 

63.57 

F 

19.00 

Au 

197.2 

H 

1.0078 

I 

126.932 

Fe 

55.84 

Pb 

207.22 

Mg 

24.32 

Mn 

54.93 

I-Ig 

200.61 

Mo 

96.0 

Ni 

58.69 

N 

14. 008 

0 

16.0000 

Pd 

106.7 

P 

31.02 

Pt 

195.23 

K 

39.10 

Ra 

225.97 

Si 

28.06 

Ag 

107.880 

Na 

22.997 

Sr 

87.63 

S . 

32.06 

Sn 

118.70 

W 

184.0 

U 

238. 14 

Zn 

65.38 
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ods, 533 
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Arterial puncture, 52 
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Barometer corrections for temperature, 162 
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preparation of subject for, 194 
with Tissot apparatus, 196 
Base economy, calculation of, 825 
Base, total, chapter XXIII, 717-725 
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Base, total, in urine and serum, benzidine 
titration method, 718 
manometric, 401 

Beta-hydroxybutyric acid in blood, colori- 
metric, 643 
gravimetric, 641 
iodometric, 645 
in urine, colorimetric, 634 
gravimetric, 628 

titration of Deniges’ precipitate, 629 
titration, iodometric, 639 
Bicarbonate, chapter XXVII, 821-824 
■ in plasma or serum, gasometric, 292 
titration, 822 
in urine, gasometric, 292 
Bile in serum, van den Bergh reaction for, 
916 

Bilirubin in serum, 913 
Blood, anaerobic centrifugation of, 57, 59 
anaerpbic drawing and preservation of, 
53, 55, 57 

arterial, drawing for analysis, 52 
arterialized venous, drawing for analysis, 
53 

constituents, distribution between cells 
and plasma, 71 

cell constituents, direct and indirect de- 
terminations of, 74, 75 
cell volume, determination of by hemato- 
crit, 73 

by isotonic oxalate and centrifuge 
tube, 708 

coagulation, prevention of by citrate, 61 
by heparin, 61 
by oxalate, 60 

cutaneous, drawing for analysis, 52 
drawing for analysis, 52 
gases, see Gases of blood 
prevention of chemical changes in, 62 
proteins, precipitation and removal of, 
63-69 

by tungstic acid, 65-67 
by tungstomolybdic acid, 68 
by trichloroacetic acid, 65 
by zinc sulfate, 69, 481 
unlaked, precipitation of proteins of, 67 
venous, drawing for analysis, 53 
volume, chapter XXII, 701-716 


Blood volume, carbon monoxide method 
for, 703, 710 

changes estimated from cell or protein 
content, 713 

vital red dilution method, 702, 703, 706 
Borate buffer pH standards, 817 
Brom cresol green indicator, 793, 812 
bicolor standards for pH 4.0-5. 8, 795 
Brom cresol purple indicator, 793, 812 
bicolor standards for pH 5. 6-7.0, 794 
Brom phenol blue indicator, 812 
Bromsulfalcin test for liver function, 910 
Brom thymol blue indicator, 812 
Buffer mixtures as pH standards, acetate 
813 

borate, 817 
phosphate, 816 

Burette cocks, care and lubrication of, 3, 4 
micro, of Bang, 12, 13 
of Rehberg, 15 
Shohl tip for, 13 
Burettes, calibration of, 7, 8 
rate of delivery for accuracy, 4, 7 
specifications for, 6, 7 


Calcium, chapter XXV, 757-777 
in blood, colorimetric, 773 
manometric, 421 
micro titration, 767 
in feces, gravimetric, 765 
titration, 766 
micro titration, 767 
in pus, ultra micro colorimetric, 775 
in urine, gravimetric, 761 
manometric, 425 
micro titration, 764 
titration, 762 

Calibration of blood gas apparatus, mano- 
metric and volumetric, 239 
of burettes, 7 
of flasks, 6 

of Haldane gas analysis apparatus, 91 
of pipettes, for delivery, 10 
to contain, 10 
with mercury, 18 
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Caprylic alcohol, preparation of, 7Q 
use to prevent foam in blood gas analyses, 
238 

Carbon by wet combustion, manometric, 
433 

Carbon dixoide, absorption curv'e of whole 
blood, 317 

arterial tension in alveolar air, Fridericia’s 
method, 168 

Haldane and Priestley method, 165 
Henderson and Morris method, 167 
principles of determination, 164 
capacity of whole blood, 317 
capacity of plasma by the manometric 
apparatus, 296 

by the volumetric apparatus, 251 
in blood or plasma, by manometric ap- 
paratus, 283, 285 
by volumetric apparatus, 245 
simultaneous with O 2 , manometric, 324 
in gas mixtures by Haldane apparatus, 95 
manometric, by isolation, 119, 125 
manometric, by simple absorption, 112 
in plasma, calculation from whole blood 
CO 2 content, 286, 289 
in respiratory air, colorimetric, 152 
in urine, manometric, 290 
minute amounts in atmospheric air, 
manometric, 125 

tension in alveolar air, see Carbon dioxide, 
arterial, and Carbon dioxide, venous, 
in blood, direct manometric, 309 . 
in serum or plasma, manometric inter- 
polation method, 298 
Carbon monoxide, capacity of blood, 341 
in blood, approximate colorimetric 
method, 674 

manometric, 329, 330, 332, 336 
in air, approximate colorimetric, 157 
iodine pentoxide method, 154 
manometric, 146, 147 
Carboxyhemoblobin in blood, by mano- 
metric apparatus, 328, 341 
by volumetric blood gas apparatus, 262 
Chloride, chapter XXX, 829-847 
in blood or serum, titration, iodometric, 
after open Carius digestion, 930 


Chloride in blood, titration, Volhard, after 
open Carius digestion, 835, 838, 839 
in Folin-Wu blood filtrates, iodometric 
titration, 832, 842 
Volhard titration, 829, 841 
in urine, Volhard titration, 829, 833 
Cholesterol, free, in blood, by digitonide 
precipitation and chromate oxidation 
and titration, 511 

by digitonide precipitation, chromate 
oxidation, and manometric determina- 
tion of the CO 2 formed, 433 
Cholesterol, total, in blood, colorimetric : 
direct on chloroform extract of blood 
dried on paper, 508 

direct on chloroform extract of blood 
mixed with plaster of Paris, 506 
in Bloor’s alcohol-ether extract, 504 
in saponified lipoid mixture of Stoddard 
and Drury, 506 

Coagulation of blood, preventioil of, 59 
Colorimeter, Hastings-Duboscq for bicolor 
pH determinations, 801 0 

Colorimeters, types of, 37, 41, 802 
Colorimetry, 35-41 
calculations, 40 
limits of accuracy, 40 
Comparator for colorimetric pH, 799 
Congo red indicator,. 812 
Creatine and creatinine, chapter XV, 597- 
. 606 

Creatinine in blood, 598, 604 
in urine, 602 

Creatine plus creatinine in blood, 598, 604 
in urine, 602 

Cresolphthalein indicator, 812 
Cresol red indicator, 793, 812 
Cresol red bicolor standards for pH 7.6-8.6, 
793 

D 

Dimethyl-amino-azo-benzene indicator, 812 
E 

Etching glass apparatus, 46 
Eye protection, 48 
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F 

Fats, see Lipoids 

Fats, neutral, general methods for, 4SS 
Fatty acids, general methods for, 487 
Feces, drying and mixing, 78 
marking of for time periods, 77 
preparation of for analysis, 77 
preservation of, 77 
suspending in sulfuric acid, 78 
Fibrin in blood plasma, colorimetric, 697 
gravimetric, 697 

macro KJeldahl determination of, 696 
micro Kjeldahl determination of, 697 
precipitation of, 696 
Flasks, volumetric, calibration of, 6 
specifications for, 4, 5 
Foaming, prevention of, 79 


Gas analyses, chapter III, 84-160 
electrometric, 1S3 

Haldhne apparatus for, calibration of, 91 
description of, 86 
precautions in use of, 103 
interpretation of, 84 
manometric, 106-1S9 
admission of sample estimated by 
pressure. 111 

admission of sample estimated by 
volume, 108 

carbon dioxide by isolation method, 
119 

carbon dioxide by simple absorption, 
112 

carbon dioxide, precise analysis of 
small amounts in air, 125 
carbon monoxide, 146, 147 
gases other than hydrogen by com- 
bustion, 140 

hydrogen by absorption, 140 
hydrogen by combustion, 134 
nitrogen in air, or as impurity in O 2 or 
CO 2 , 118 

oxygen by simple absorption, 112 
oxygen by combustion, 127 
technique of manometer readings, 107 
factors, for converting pressures at 


50 cc. volume and t° into volumes at 
0° and 760 mm., 129 
Gas factors for reducing volume of moist 
gas at f, B mm., to volume dry 
at 0°, 760 mm., 129 
mixtures, analyses of, see Gas analyses 
preparation of, by pressure measure- 
ment, 301 

by volumetric measurement, 305 
sampling, 84, 86 

tension, calculation from analyses, 161 
Gases in blood, admission of absorbent 
solutions for, 243 
apparatus for, accessory, 232 
manometric, 267 
volumetric, 231 

containing ether, determination of, 353 
corrections for physically dissolved O 2 
and N 2 , 326 

delivery of blood samples for, 241, 242, 
921 

factors for calculation of, in manometric 
analyses, 325; volumetric, 250, 256, 
259 

pipettes for blood samples, 239, 921 
principles of metliods for, 229 
reagents for, gas-free, 235 
general, 233 

sampling by anaerobic technique, 53, 57, 
239 

Stadie’s automatic shaldng device for, 
246 

technique for, general, cleaning, leakage, 
lubrication, calibration, 236-238 
manometric, lubrication, volume ad- 
justment, temperature adjust- 
ment, manometer readings, ejec- 
tion of gases, blank analyses for c 
correction, 273-280 

Gasometric analyses, use of the volumetric 
apparatus in methods described for 
the manometric, 266 
methods for blood and other solutions, 
chapter VII, 229-442. 

Glass apparatus, etching, 46 
Globulins of blood plasma, colorimetric, 
693 

by Kjeldahl analysis, 691 
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Globulins of urine, colorimetric, 681, 684 
Glucose, general methods for, 443; see 
also Sugar 

removal of, by precipitation with copper 
sulfate and lime, 626 

H 

Haldane apparatus for gas analysis, see 
Gas analyses 

Hematocrit determination of blood cell 
volume, 73 

Hemoglobin and its derivatives, chapter 
XX, 661-677. 
in blood, colorimetric; 
acid hematin method with glass stand- 
ard, 668 

alkali hematin method, 668 
carboxyhemoglobin method, 348, 666 
cyanhemoglobin method, 669 
iron determination method, 670 
gasometric: 

carbon monoxide capacity method, 
266, 341, 347 

oxygen capacity method, 265, 337, 
338, 341 

normal content in subjects of different 
age and sex, 662 

Heparin, use of as anticoagulant, 61 
Hydrochloric acid, standard 0.1 N solution, 
25 

hlydrogen, determination of: 
by combustion with Haldane apparatus, 
100 

by combustion with manometric ap- 
paratus, 135 

by absorption, manometric, 140 
Hydrogen ion concentration, see pH 

Icterus index of blood serum, 915 
Indicators, table of methods of preparation 
and pH ranges, 793, 812 
lodate, manometric determination of, 401 
0.1 N standard solution of, 32 
titration of, 32 

K 

Kjeldahl method, see Nitrogen 


Lactic acid, chapter XVI, 607-622 
general methods, 607 
in blood, colorimetric, 618 
iodometric, 610 
manometric, 427 
in urine, iodometric, 610 
apparatus for extraction of, 614 
Lipoids, chapter IX, 485-515 
in blood, by chromate oxidation and 
titration, 496 

by chromate oxidation and manometric 
determination of CO 2 formed, 433 
by saponification and titration of 
fatty acids, 499 

extraction with alcohol-ether, 495 
in feces, 490, 493 

Lipoid phosphorus in blood, 884, 885 
Litmus indicator, 812 

Liver function, bromsulfalein test for, 910 
Lubrication of glass cocks, 47, 238, 277 
Lung volume, chapter VI, 217-228 
by dilution with oxygen, 217, 220 
by dilution with hydrogen, 226 

M 

Magnesium, chapter XXVI,. 778-787 
in blood, colorimetric, 785 
in feces, gravimetric, 783 
titration, 785 
in urine, colorimetric, 785 
gravimetric, 779 
titration, 780 

Manometric analyses other than blood gas 
determinations, 354-437 
apparatus for gases in blood and other 
fluids, 267 

adjustment of gas volumes in, 277 
alternative open manometer for, 275 
general calculation formulae for, 282 
cleaning of, 274 
manometer readings, 278 
temperature adjustment, 278 
use of modified Hempel pipette with, 
280 

see Gases in blood, manometric 
Meniscus readings in burettes, 3, 20 
in blood gas apparatus, 243 
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Mercury, apparent weight of at different 
temperatures, 5 

calibration of volumetric apparatus with, 
5, 18-22 
cleaning of, 45 

Metabolism, basal, see Basal metabolism 
total, calculation of, 205 
Methemoglobin in blood, manometric, 349 
Methyl orange indicator, 812 
Methyl red indicator, 812 
Microvolumetric apparatus and its cali- 
bration, 11 

N 

Nephelometiy, 41 

Nessler’s solution, preparation of, 532 
Neutral red indicator, 812 
'Nitrogen, chapter X, 516-538 

gas as impurity in O 2 or CO 2 , mano- 
ynetric, 118 

in air by Haldane apparatus, 95; mano- 
metric, 118 

in blood, non-protein, 536 
in feces, 535 

in urine, non-protein, 534 
total, 535 

macro Kjeldahl digestion, Arnold- Gun- 
ning, 518 
with peroxide, 519 
with persulfate, 519 
manometric micro Kjeldahl, 354 
micro Kjeldahl digestion, Arnold-Gun- 
ning, 526 

with persulfate, 527 
with persulfate and phosphoric acid, 
527 

micro Kjeldahl distillation, 528, 531 
micro Kjeldahl nesslerization, direct, 532 
Normal solution, definition, 23 

0 

Organic acids, chapter XVIII, 647-653 
Organic acids, total, in blood, 651 
in urine, 646 

Oxalate as anticoagulant, 60 
Oxygen capacity of blood, by manometric 
apparatus, 337, 338, 341 
by volumetric apparatus, 263 


Oxygen in blood by manometric apparatus 
321 

by volumetric apparatus, 257 
simultaneous determination with COo 
. manometric, 324 

Oxygen in gas mixtures, by Haldane ap- 
paratus, 95 

manometric, by absorption, 113 
by combustion, 127 

Oxygen in alveolar air, venous tension 
174 


Permanganate, 0.1 N standard, 31 
Permutit, preparation and use of, for 
ammonia determinations, 577 
pH, chapter XXVII, 788-820 
bicolor determination, with Hastings- 
Duboscq colorimeter, 801 
bicolor indicator standards, 
brom cresol green, pl-l 4.0-5. 8, 795 
brom cresol purple, pH 5. 6-6.9, 794 
cresol red, pH 7. 6-8.5, 793 
phenol red, pH 6.7-8. 2, 794, 797 
buffer standards, acetate, 813 
borate, 817 
phosphate 816 

in blood, colorimetric, on diluted plasma, 
796, 800, 803, 804, 809 
on dialysate of blood, 813 
gasometric, 298, 309 
in urine, colorimetric, 792, 803 
Phenols, chapter XIX, 654-660 
in blood, colorimetric, para-nitroaniline 
method, 658 

tungstomolybdate method, 657 
in urine, colorimetric, tungstomolybdate 
method, 655 

Phenolphthalein indicator, preparation and 
pH range, 812 

Phenol red indicator, preparation and pH 
range, 793, 812 

bicolor standards for plasma pH, 797 
for urine pH, 794 

Phenolsulfonephthalein excretion test for 
renal function, 907 

Phosphate buffer standards for pH 5.8- 
8.2, 816 
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Phosphate, inorganic, see Phosphorus, in- 
organic 

Phosphatides, see Phosphorus in blood, 
lipoid 

Phosphorus, chapter XXI, 848-889 
Phosphorus,’ discussion of methods for 
determination as phosphate : 
colorimetric, on phosphomolybdate pre- 
cipitate, 854 

direct on phosphate solution, 855 
gravimetric, as magnesium ammonium 
phosphate or magnesium pyrophos- 
phate, 848 

as ammonium phosphomolybdate, 848 
as strychnine phosphomolybdate, 849 
titration, aUralimetric, of ammonium 
magnesium phosphate precipitate, 
851 

of ammonium phosphomolybdate pre- 
cipitate, 851 . 

of strychnine phosphomolybdate pre- 
cipitate, 853 

titration, permanganate, of phospho- 
molyhdate precipitate, 853 
Phosphorus in hlood, serum, or plasma: 
acid-soluhle, colorimetric or gravimetric, 
883 

inorganic, colorimetric, 854, 875, 877, 
879 

gravimetric, 873 
titration, 851, 853 

lipoid, colorimetric or gravimetric, 884, 
885 

total, colorimetric, 881, 882 
gravimetric, 880 
Phosphorus in feces: 
inorganic, 867 
total, colorimetric, 872 
gravimetric, 867, 868 
titration, 851, 868, 869 
Phosphorus in urine: 
inorganic, colorimetric, 865 
gravimetric, 858, 860 
titration, 861, 863 
total, 867 

Pipettes, automatic for measuring blood 
for gas analyses, 921 
cahbration of, 10, 19 


Pipettes, construction of, 8 

delivery of, different procedures for, 
10, 11, 241, 242 
rate for accuracy, 4, 9 
Hempel, modified for use with mano- 
metric gas apparatus, 109, 280, 333, 
343, 388, 389, 390 
micro, for blood analyses, 17, 240 
specifications for, 8, 9 
with stop-cocks, for blood analyses, 240, 
242 

Potassium, chapter XXIV, 726-756 
in blood, colorimetric, 741, 751 
gravimetric, 731 
titration, 741, 748 
in feces, colorimetric, 741 
gravimetric, 730 , 

titration, 741, 748 
in urine, colorimetric, 741 
gravimetric, 727 
titration, 741, 748 

permanganate, standard solutions, 3 1 

Proteins, chapter XXI, 678-700^ 
in blood plasma, colorimetric, 693, 926 
gravimetric, 688 
Kjeldahl method for, 691 
precipitation of, see Blood proteins 
specific gravity method for, 689, 
925 

in cerebrospinal fluid, 698 
in urine, colorimetric, 684 
gravimetric, 681 
Kjeldahl method for, 682 
precipitation with trichloroacetic acid, 
534 

precipitation with tungstic acid, 535 
. sedimentation method, 682 

R 

Renal function, blood urea clearance test, 
564, 935 

phenolsuLfonephthalein excretion test, 
907 

Respiratory metabolism, chapter V, 176- 
216 

alcohol checks for, 191 
apparatus, general considerations con- 
cerning, 176-181 



956 


SUBJECT INDEX 


Respiratory apparatus, instrumental dead 
space in, 190 

see also Basal metabolism and Spirom- 
eters 

Rubber stoppers and tubing, cleaning, 48 


Soaps, general methods for, 488; in feces, 
490, 493 

Sodium, chapter XXI, 726-756 
hydroxide, concentrated solution ap- 
proximately free from carbonate, 29 
standard 0.1 N solution, 29 
standard solutions more dilute than 
0.1 N, 30 

in blood serum, gravimetric, 731, 736 
titration, 737 

' in feces, gravimetric, 730, 736 
in urine, gravimetric, 728, 733, 734, 735 
titration, 737 

Specific gravity, determination, 42 
of algohol-water mixtures, 44 
of concentrated commercial acid and 
alkali solutions, 25 

of plasma as measure of protein content, 
689, 926 

Spirometer bell, counterpoising, 183 

Spirometers, calibration of, 187 
construction of, 181 

Standard volumetric solutions, 23-34 

Starch indicator solution for iodometric 
titrations, 34 

Sugar, chapter VII, 443-484 
in blood, colorimetric, 456, 463 
fermentable by autoglycolysis, 480 
fermentable by yeast, 478 
gasometric, 408 
timing method, 475 
titration, 463, 471 
in urine, colorimetric, 451 
fermentable by yeast, 452 
gasometric, 417 
timing method, 450 
titration, 446, 449 

Sulfate, benzidine titration method, dis- 
cussion, 890 

Sulfate in blood or serum: 
ethereal plus inorganie, colorimetric, 904 
nephelometric, 900, 901 


Sulfate, ethereal plus inorganic titration 
933 

inorganic, colorimetric, 903 
gravimetric, 897 
nephelometric, 900, 901 
titration, 933 
Sulfate in urine: 

ethereal plus inorganic, gravimetric, 893 
titration, 896 

inorganic, gravimetric, 893 
titration, 895 
Sulfate, manometric, 401 
Sulfur, chapter XXIII, 890-906 
ethereal, see Sulfate 
inorganic, see Sulfate 
total in feces, 897 
total in urine, gravimetric, 893 
titration, 896 

total non-protein in blood, nephelo- 
metric, 901 

Supernatant fluids, removal of from pre- 
cipitates, 80 

Surface area of body, nomogram for cal- 
culation from height and weight, 
208 


Technique, biochemical, special, chapter 
II, 51-83 

chemical, general, chapter I, 1-50 
of Haldane gas analysis apparatus, 
90-95 

of manometric apparatus used for analy- 
sis of gas mixtures, 106-112 
used for determining gases from blood 
and other solutions, 236-244, 273- 
282 

of volumetric blood gas apparatus, 236- 
282 

Thiosulfate, 0.1 N standard solution, 33 
Thymol blue indicator, 812 
Tissot apparatus for respiratory metabo- 
lism, 196 

Titratable acid and acid-base excretion in 
urine, chapter XXIX, 825-828 
Total base, see Base total 
Trichloroacetic acid precipitation, of blood 
proteins, 65 
of urine proteins, 534 
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Tungstic acid precipitation, of blood pro- 
teins, 65, 66, 67 
of urine proteins, 535 ■ 
Tungstomolybdate precipitation of blood 
proteins, 68 

U 

Urea, chapter XI, 539-572 
Urea clearance, determination as a meas- 
ure of renal function, 364, 935 
line charts for calculation of, 566, 567, 
569 

simplified colorimetric method for deter- 
mining, 935 

Urea, heat decomposition of, 542 
hydrolysis with urease, 539 
hypobromite reaction with, 543 
titration with mercuric salts, 544 
xanthydrol precipitation of, 541 
Urea in blood: 

colorimetric, after heat decomposition 
and nesslerization, 559 
after urease and nesslerization, 557, 
558, 939 

on xanthydrol precipitate, 561 
manometric, COa formed with urease, 
361, 367, 371, 373 , 376 
Na formed with hypobromite, 379, 382 
titration after urease and aeration, 536 
Urea in urine; 

colorimetric, after urease, permutit, and 
nesslerization, 551 
gravimetric xanthydrol method, 553 


Urea in urine: 

manometric, COg formed with urease, 
361,362 

Nj formed with hypobromite, 378, 381 
titration, after urease and aeration, 547 
after heat decomposition and distilla- 
tion, 552 

Urease, activity by aeration and titration 
procedure, 545 

activity by gasometric procedure, 377 
mode of action, 539 

preparation of as alcoholic extract, 545 
as permanent soluble powder, 545 
solutions, preparation of, 545 

Uric acid, chapter XIV, 586-596 
in blood or plasma, colorimetric, 591, 593 
in urine, colorimetric, 590 
titration, 588 

Unsaturated fatty acids, iodometric titra- 
tion, 923 

V 

Volumetric analysis, accuracy in, 3^36 
apparatus, use and calibration, 3 
standard solutions, 23-34 

W 

Water, apparent weight of at different 
temperatures, 5 

Weighing, technique of, 2 

X ■ . 

Xantliydrol reaction with urea, 341 



